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helping guide the NIKE 


To intercept and destroy, Nike flies in electronic installations, Eastern liquid- 
higher and faster than any aircraft. The cooling units and pressurization equip- 
electronic brain of the Nike outman- ment help you meet government 
ouvers the fastest fighter. To keep the qui nts. 
Western Electric Control Unit thinking oF: 1 hydraulic power units are 
clearly, an Eastern Pressurization Unit extre compact and provide ex- 
and Aircraft Pumps control the operating 2 accurate control under severe 
pressures of the electronic systems. - z conditions in servos and similar 
Nike is the first missile to enter full appli ns. 
combat-ready service. As others are de- ‘astern solicits inquiries involving your 
veloped to fly higher, faster, and deadlier, projects. We offer our creative engineer- 
Eastern accepts the critical task of help- ing service for new designs, as well as 
ing to break through the barrier of the an ext e line of existing units and 
unknown and untried. With creative engi- adaptati 
neering and the facilities to test and to or 
manufacture new-idea equipment without Aviation Catalog 340, 
delay, Eastern serves those who put the on request. 
sting in national air defense. 
When your design-application calls for “«. INDUSTRIES, INC. 


the control of temperature or pressure > A 100 Skiff St., Hamden, Conn. 
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DEPARTURES OF TODAY 
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e 
Microscopic inspection of races, one of more than 


one hundred operations undertaken to insure the high- 
est degree of uniformity and dependability. 


ball bearings! 


These tiny steel ‘‘jewels” are available in a 
complete line, (.375”) outside diameter and 
smaller. They are made with super-accuracy on the 
finest equipment available—much of it designed 

by New Departure—to meet the most exacting 
requirements of today’s precision industries. 
Performance and dependability of the highest 
order are assured. 


For complete information about miniature ball 
bearings, or for help with any bearing problem, 
call on New Departure’s experienced engineering 
service. New Departure, Division of General Motors} 
Corporation, Bristol, Connecticut. 


Super-cleanliness is a byword in this ball bearing 
assembly and inspection area. It is completely air- 
conditioned and pressurized to keep out dust. 
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1.A.S. News Notes 


September 1956 


"WE CONSIDER IT ANOTHER LONG STEP....."' 


Members' attention is invited to the Editorial, ''Progress 
Report -- Vocational Guidance," in this issue of the Review 
for details on an Institute undertaking of vital importance to 
the aircraft industry. 


THE THIRD INTERNATIONAL MEETING of the Canadian Aeronautical Insti- 
tute and the Institute of the Aeronautical Sciences will be held November 26- 
27 at the Royal York Hotel, Toronto, Ont., Canada. Clifford C. Furnas, 
FIAS, U.S. Assistant Secretary of Defense, will be principal speaker at the 
dinner on the evening of the 26th. 


COMPETITIONS OPENED, The Institute is inviting applications for another 
two-year Fellowship in Flight Test Engineering at Princeton University. 
Application forms may be secured by writing to Flight Test, Institute of the 
Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. The letter 
requesting forms must be endorsed by a sponsoring reference. Complete 
details will be published in the October issue of the Review. 


NEW IAS CORPORATE MEMBERS are PiaseckiAircraft Corporation, Inter- 


national Airport, Philadelphia, Pa., and C.W.Lemmerman, Inc., Hartford, 
Connecticut. 


THEODORE VON KARMAN, HFIAS, AGARD Chairman for NATO, has re- 
ceived the honorary degree of Doctor of Science from Northwestern University. 
In the presentation, Dr. von Karman was referred to as ''the statesman of 
modern engineering and a unique protagonist of the air age.'' Also stressed 
was his long list of contributions in many fields and his efforts in bringing 
about ''the technological supremacy of his adopted country. "' 


C. S. (CASEY) JONES, AFIAS, former Treasurer of the Institute, has been 
presented with the 1956 James H. McGraw Award in Technical Institute Edu- 
cation. The award lauds the "highly regarded'' Academy of Aeronautics, of 
which Mr. Jones is President. (Details on Page 24.) 


AMERICAN HELICOPTER SOCIETY. The Third Annual Western Forum will 
take place October 7-9 at the Adolphus Hotel, Dallas, Texas. Registration 
willbe from Noon to4 p.m. October 7 - free toIAS and AHS members. Briga- 
dier General Carl I. Hutton, Post Commander, Army Aviation School, Fort 
Rucker, Ala., will be guest speaker at the Forum Dinner on October 8. 


THE INSTITUTE MOURNS: Earl V. Farrar, AFIAS,Chief Engineer, Wright 
Aeronautical Div. , Curtiss-Wright Corporation, died suddenly August 11 at 
his home in Ridgewood, N. J., after a heart attack. Representative Carl 
Hinshaw, MIAS, one of Congress' leading authorities on aviation, died on 
August 5 at Bethesda Naval Hospital,Washington, D.C. His death was blamed 
On pneumonia complicated by a heart condition. 
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1.A.S. News Notes (con’t.) 


NATIONAL MEETINGS CALENDAR 


Nov. 26-27- International Meeting of the Canadian Aeronautical Institute and 
the IAS, Royal York Hotel, Toronto, Ont., Canada. 

Dec.17 - - Wright Brothers Lecture, U.S. Chamber of Commerce Build- 
ing Auditorium, Washington, D. C. Sir Arnold Hall, 
Lecturer. 

Jan. 28-31 - Twenty-Fifth Annual Meeting, Sheraton-Astor Hotel, New York. 


OK OK OK 


SEC TION MEETINGS CALENDAR 


Sept. 11 -- Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 
"Transcient Temperature Predictions in High Speed Aeronautical 
Structures by Use of Digital Calculators" by Lloyd Wilson. 

Sept. 11 -- San Diego Section: Confidential Meeting, IAS Building, 8 p.m. 
"High Speed Aerodynamics" by Charles Frick. 

Sept. 11-13-Chicago Section: Special tour of Pensacola Naval Air Station, 
Pensacola, Fla., and one-day cruise aboard the Carrier Saipan. 
Sept. 12 -- Tulsa Section: Utica Square National Bank Building, Utica 
Square, 7:45 p.m. Election and regular business meeting. Showing 

of film: ''History of Aviation. "' 

Sept. 18 -- Cleveland-Akron Section: Manger Hotel, Cleveland. Social 
Hour 6 p.m.; Dinner 7 p.m.; Meeting 8p.m. ''The DC-8 Airplane" 

by Harry Hjorth. 

Sept. 20 -- Los Angeles Section: Dinner Meeting, IAS Building. Social 
Hour 6 p.m.; Dinner 7 p.m.; Meeting 8 p.m. "Activities at Edwards 
Air Force Base" by Colonel Horace A. Hanes, USAF. 

Sept. 25 -- Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 
"Panel Flutter of Cylindrical Shells'' by John W. Miles. 

Sept. 25 -- San Diego Section: Dinner and Annual Business Meeting, IAS 
Building, 7 p.m. "Nuclear Power'' by C. L. Critchfield. 

Sept. 27 -- Dayton Section: Tour, Area B, Wright-Patterson Air Force 
Base, 6:30 p.m. Visit to WADC Power Plant and Propeller Labs. 
Sept. 27 -- Washington Section: Dinner Meeting, Occidental Restaurant. 
Dinner 6 p.m.; Meeting 8 p.m. "Dynamics of Dissociating Gas'' by 

M. J. Lighthill. 

Oct. 8 -- Indianapolis Section: Dinner and Business Meeting, Marott 
Hotel. Dinner 7 p.m.; Meeting 8 p.m. "The Electra Aircraft'' by 
Howard McGlasson. 

Oct. 20 -- Los Angeles Section: Dinner Meeting, IAS Building. Social 
Hour 6p.m.; Dinner 7p.m.; Meeting 8p.m. Remarks by Rear Admiral 
James S. Russel, USN. 

Nov. 12 -- Indianapolis Section: Dinner Meeting, Union Hall, Purdue Uni- 
versity, West Lafayette. Dinner 6 p.m.; Meeting 7 p.m. ''Rocket 
Development" by C. F. Warner. 
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IAS News 


A Record 


National Summer Meeting Report 


Von Karman’s 75th Anniversary Celebrated 


Chanute Award Presented to ‘'Tex’’ Johnston 


pa year’s National Summer Meeting, held in Los Angeles, June 18—21, set 


some new highs in attendance and overall interest. 


With more than 860 


people registered for the technical sessions and some 1,100 persons attending 


the dinner, this turned out to be the 
largest National meeting so far held 
by the Institute on the West Coast. 


» Technical Sessions—All of the tech- 
nical sessions were well attended— 
particularly the two security-closed 
sessions on the “‘B-52 Development” 
and “Supersonic Propulsion for Air- 
craft and Missiles.’”’ None of the 
papers presented at these confidential 
sessions will be published by the Insti- 
tute, of course. The majority of 
papers presented at the open sessions 
are available in preprint form (see 
p. 329). Many of them are being 
published in full in this and subsequent 
issues of the Review. Meanwhile, 
summaries of the open sessions have 
been written by the various coordi- 
nators, and these will appear in the 
October issue of the REVIEW. 


> March Field Trip—On Thursday, 
June 21, 225 security-cleared members 
took advantage of the Air Force invi- 
tation to visit March AFB at River- 
side, Calif. Here, the group was 
briefed on the activities and opera- 
tions of the 15th Air Force, under the 
command of Major Gen. Archie J. 
Old, Jr. Luncheon at the Officer's 
Club, a tour of Base facilities, and 
briefings by the various commanding 
Officers provided a valuable insight 
into some of the problems and opera- 
tions of the Strategic Air Command. 


>Banquet—This year’s Summer 
Meeting Dinner honored Theodore 
von Karman on his 75th Anniversary. 
The theme of the entire program, in- 
cluding the principal address by 


Hugh L. Dryden, was ‘‘Theodore von 
Karman’s Deepening Impress upon 
Aeronautical Science and Engineer- 
ing.” 

Dr. Dryden, after citing many inci- 
dents of Dr. von Karman’s life and 
achievements, concluded his address 
with the following tribute: 

“Although I have merely mentioned 
the titles of a few of von Karman’s 
more than 135 books and papers, I 
believe that members of this audience 
recognize the powerful influence of 
those papers on aeronautical science 
and engineering and even on scientists 
and engineers who have not had the 
good fortune to know him personally. 
But far more important is the ever- 


IAS President E. R. Sharp presents Octave 
Chanute Award to A. M. “Tex” Johnston. 


eople and Events 
of Interest to Institute Members 


widening influence of his personality 
spread by the hundreds of students 
from Aachen to Pasadena who were 
taught to isolate the essential physical 
concepts of a complex engineering 
problem, to apply suitable mathe- 
matical analysis, and to evaluate the 
results in practical terms. They have 
been inspired to their maximum of 
creative effort and infected with en- 
thusiasm for scientific work. Many 
of them have been able to transmit 
this inspiration to their own students 
and collaborators, becoming leaders in 
their own right. In this way von 
Karman’s personality and work are 
making an ever-deepening impress. 


“Those of us within his large circle 
of friends and collaborators can never 
forget his human qualities, his friend- 
liness, his sense of humor, his interest 
in each person as an individual, and 
his stimulating views on art, philos- 
ophy, and other human affairs... .”’ 


Other tributes and honors given Dr. 
von Karman on this occasion included: 
the Presidential Medal of Freedom, 
presented by Major Gen. R. P. 
Swafford, Jr., USAF; a message from 
the Secretary of the Navy, delivered 
by Rear Adm. J. B. Pearson, Jr., 
USN; two leather-bound volumes 
containing over 1,000 congratulatory 
letters from friends and former stu- 
dents; a special leather-bound issue of 
the JOURNAL OF THE AERONAUTICAL 
SCIENCES; a birthday cake from the 
Aircraft Industries Association; and 
tributes from ten of the other major 
professional societies and_ technical 
institutes of the country. 


(See following pages for photos of 
dinner.) 


p Chanute Award—The Octave Cha- 
nute Award for 1956 was presented 
during this dinner by IAS President 
E. R. Sharp to A. M. ‘‘Tex’’ Johnston, 
Chief of Flight Test, Boeing Airplane 
Co., for ‘‘combining the practical with 
the scientific approach in the initial 
flight testing and evaluation of high- 
performance jet aircraft and en- 
gines.”’ 
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Theodore von Kérm4n and IAS President 
E. R. Sharp discuss merits of the 75th Anni- 
versary cake presented to von Karman by 
the Aircraft Industries Association. 
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NATIONAL SUMMER 
MEETING DINNER 


Los Angeles, Calif. 
June 20, 1956 


«4°, ta AS 
gad 
) 4 7 ig 


THEODORE VON KARMAN 
SOUTH MARENGO AVENUE 
PASADENA. CALIFORNIA 


July 18, 1956 


Mr. S. Paul Johnston 

Institute of the Aeronautical Sciences 
2 East Sixty-Fourth Street 

New York 21, New York 


Dear Paul: 


I was sincerely overwhelmed by the signs of friendship 
and affection which you and members of your organization 
have shown on the occasion of my 75th birthday. The special 
issue of the Journal of Aeronautical Sclences, May, 1956, 
which contained original articles of leading aeronautical 
scientists and engineers who were my former students, 
constitutes an extremely valuable high level contribution 
to modern aeronautical science. I wish to express my 
appreciation to the authors, and for the work of the editing 
committee consisting of Hugh L. Dryden, William R. Sears, 
Frank Wattendorf and Robert R. Dexter. 


I particularly want to express my gratitude to the 
anonymous group Known as "The Friends and Students of TVK." 
This group produced two volumes beautifully bound and 
containing over a thousand personal greetings from my 
friends and former students. I suspect that the manager 
and a number of members of your Western Division played the 
greatest part in the organization of this lovely surprise. 


I also want to express my thanks to the representatives 
of the Armed Services, scientific and professional institutions 
who transmitted greetings of their organizations. 

b Finally, I don't want to forget the beautiful birthday 
5rman’ iati f the tributes cake which the aircraft industries contributed to the 
Von Karman $ appreciation % t ex ressed testimonial dinner on June 20. I keep under my treasured 
paid him on this occasion are best e pi! souvenirs the pylon with the rocket on the top and the 
by this personal letter to IAS Director alternating light in the interior. 
S. Paul Johnston. 


With the kindest personal regards in old friendship, 


af. 


eodore von Karman 
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Judges and student speakers at the Sixth Annual West Coast Conference of Student Branches. Left to right: Milford G. 
Childers, K. E. Van Every, William M. Foley, Warren S. Wilson, Clay W. Whybark, Alfred C. Thomas, Bud D. Nelson, 
Theodore A. Heinz, Leroy L. Presley, Ely S. Levinsky, Charles A. Yost, Jack E. Coppage, Bill L. Coffey, Rodney D. Hugel- 


man, and Donald L. Baxter. 


Sixth Annual West Coast Student Conference 
Attracts a Record Attendance of 200 


The Sixth Annual West Coast Con- 
ference of Student IAS Branches opened 
at the Institute Building, Los Angeles, 
on Thursday, May 3, at 10:00 a.m. 
with a welcome by George Mellinger, 
Chief of Flight Test, North American 
Aviation, Inc., who is Chairman of the 
Los Angeles Section. Mr. Mellinger 
also served as Master of Ceremonies at 
the banquet Friday evening. 

Approximately 200 students and 
faculty members, representing seven 
student branches, attended the confer- 
ence. This attendance was the largest 
to date. 

Buffet luncheons were served on 
Thursday noon with The Garrett 
Corporation as host and on Friday noon 
with Lockheed Aircraft Corporation as 
host. 

The morning sessions of the confer- 
ence were devoted to the presentation of 
graduate and undergraduate papers. 
The papers covered broad _ subject 
matter. The student MC’s during the 
presentation of the papers were Bud 
Nelson, of the University of Washing- 
ton, and Vie Peterson, of Oregon State 
College. 

During the afternoons, the conferees 
were occupied with field trips. Thurs- 
day the group visited The Garrett 
Corporation at Los Angeles Inter- 
national Airport. Friday afternoon the 
students toured the Southern Cali- 
fornia Cooperative Wind Tunnel in 
Pasadena, Calif. They were shown the 
various features of the new multimillion- 
dollar installation. Transportation to 
and from the installation was provided 
by Northrop Aircraft, Inc. 


Thursda evening the conferees 
enjoyed a social hour and dinner as 
guests of Douglas Aircraft Company, 
Inc. Following the dinner, officers of 


the student branches represented 
reported on the various activities of each 
branch. Subsequent to these reports, a 
panel discussion on the subject of 
‘Engineers in Industry”? was held. The 
panelists included industry. This 
innovation in the program, introduced 
this year, gave the students an oppor- 
tunity to participate and to ask experts 


detailed and frank questions concerning 
their futures. 

The Friday evening banquet program 
commenced with the awards for the 
technical paper competition. E. W 
Robischon, Western Region Manager of 
the IAS, made the presentations. 

A prize of $100 and an IAS plaque was 
awarded for the best paper on the gradu- 
ate and undergraduate levels. Second 
prize consisted of $50 and an IAS 
certificate awarded in each division 
The winning papers were: 


Students attending the Sixth Annual West Coast Conference sit in the shadow of 
the Wright brothers’ biplane ome luncheon in the auditorium of the IAS 
uilding. 
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First prize (graduate paper) 
“Approximate Compressible Laminar 
Skin Friction with Fuselage Pressure 
Gradients,’ by Ely S. Levinsky, Unt- 
versity of Washington. 

First prise (undergraduate)—‘‘Gyro- 
scopic and Variable Center of Gravity 
Forces for a New Design in VTO Air- 
craft,” by C. A. Yost, Northrop Aero- 
nautical Institute. 

Second prise (graduate)—‘‘An Inves- 
tigation of the Performance of Sharp- 
Edged Jet Engine Inlets at Zero For- 
ward Velocity,” by Leroy L. Presley, 
Oregon State College. 

Second prise (undergraduate)—‘‘An 
Experimental Study on Induced Tur- 
bulent Boundary Layer on Model Air- 
foils at Verv Low Reynolds Number,”’ 


IAS NEWS 


by B. D. Nelson, University of Wash- 
ington. 

Honorable mention (undergraduate)— 
“The Development of an Experimental 
Liquid Oxygen-Thiokol Rocket Pro- 
pulsion System,” by Theodore A. 
Heinz, Northrop Aeronautical Institute. 

All student speakers were presented 
with desk models donated by the local 
aircraft industry. 

The speaker at the banquet was 
Lt. Gen. Laurence C. Craigie, USAF 
(Ret.), former Deputy Chief of Staff 
for Development. He flew the P-59 
as America’s first jet pilot. Speaking 
on the topic ‘‘The Future Belongs to the 
Engineer,’ he pointed out the increas- 
ingly important role of the engineer in 
tomorrow's technological civilization. 

D. J. Scrooc 


Educators Discuss Cooperative Programs 
with West Coast Industry 


The Third Annual West Coast Indus- 
try-Faculty Conference held at the IAS 
Building, Los Angeles, on the evening 
of May 2, was attended by more than 50 
West Coast educators and _ aircraft 
industry representatives. The meeting 
was preceded by a social hour and buffet 
sponsored by Boeing Airplane Co. 

Following the social hour, the Master 
of Ceremonies, H. D. Moran, presented 
a report on the activities of the Engi 
neering Career Development Committee 
formed as a result of last year’s confer 
ence. The evening’s discussion, moder- 
ated by F. C. Lindvall, Chairman of the 
Division of Engineering, California 
Institute of Technology, considered the 


timely subject of ‘‘Cooperative Pro- 
grams.’’ The purpose of this discus- 
sion was to permit an informal inter- 
change of ideas and problems between 
college staff and aircraft industry man- 
agement. 

The major points discussed were 
part-time employment for students, part- 
time employment for faculty, and the 
integration of industry personnel in 
academic curriculum. During the dis- 
cussion, several cooperative work-study 
programs for undergraduate and gradu- 
ate students presently offered or pro- 
posed by various colleges were described. 

On the subject of part-time industrial 
employment for faculty members, dis- 


Fred C. Lindvall (left), Chairman of the Division of Engineering, California Insti- 
tute of Technology, and Harold Conrad, Vice-Chairman of the Student Affairs Com- 
mittee, Los Angeles Section, meet at the punch bowl during the IAS Industry- 

Faculty Conference. 
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Clark B. Millikan, an Honorary Fellow of 
the IAS, snapped at the West Coast Industry- 


He is Director of the 
Cooperative Wind 


Faculty Conference. 
Southern California 
Tunnel at Caltech. 


cussion centered on a recent proposal 
that industry employ faculty members 
for the first two months during the 
summer and continue to pay their 
salaries and expenses during the final 
summer months spent at a teaching 
seminar. Some possible disadvantages 
mentioned were that faculty members, 
because of their limited availability, 
would be assigned relatively low-priority 
work and would rarely be given an 
opportunity to observe closely design 
aspects of aeronautical engineering. It 
was suggested that some of industry’s 
engineering work could be contracted 
directly to the colleges, thus providing 
another means of assisting students 
financially. 

The problem of raising academic 
salaries was briefly examined. The 
discussion was confined to possible 
sources of funds and how to allocate such 
funds, if available, in a manner con- 
sistent with the normal university policy 
of maintaining uniform salaries in each 
department. 


D. J. Scrooc 


Marquardt Engineers 
Sponsor ‘Science Scouts’’ 


America’s first troop of ‘‘Science 
Scouts” has been formed in Van Nuys, 
Calif., by a group of engineers connected 
with the Marquardt Aircraft Company. 

President Roy E. Marquardt, AFIAS, 
and Chief Technical Engineer Joseph 
Friedman, MIAS, were active in or- 
ganizing and sponsoring the troop, 
which has received its official charter 
from the Boy Scouts of America. It 
is known as (Science) Explorer Post No. 
501 and has 25 members between 14 
and 17 years of age. 

The result of a casual discussion on 
“How can we get high school boys in- 
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terested in an engineering career?,” 
the Explorer Post was organized in 
March and had programs on nuclear 
engineering, geology, and electronics 
during its first 3 months. 

As an experiment, the engineers 
invited a group of Air Scouts to visit 
the Marquardt plant. They were ex- 
posed to a few semitechnical lectures. 
Talking with the boys afterwards, the 
host engineers found that they were 
enthusiastic about the tour, ‘‘surpris- 
ingly technical” in their discussion, and 
eager to learn more. 

Sons of several of the engineers be- 
long to the new Explorer Post. 

The sponsoring engineers are already 
writing a proposed handbook for Science 
Scouts. 

To quote Mr. Friedman, who ts Chair 
man of the Advisory Committee of 
(Science) Explorer Post No. 501: “We 
at Marquardt are delighted with the re- 
sults of this experiment. We feel we 
have demonstrated that this is a feasible 
way industry can help in whittling down 
the long-range shortage of engineers 
and scientists while, at the same time, 
providing a constructive outlet for the 
seemingly boundless energies of these 
young men.” 


1. E. Garrick Chosen for 
Hunsaker Chair at M.I.T. 


I. Edward Garrick, AFIAS, Chief of 
the Dynamic Loads Division of Langley 
Aeronautical Laboratory, NACA, has 
been appointed to the Jerome Clarke 
Hunsaker professorship at Massachu- 
setts Institute of Technology for the 
coming academic year. He succeeds 
William R. Hawthorne, MIAS, of Cam- 
bridge University, England. 

During his year at M.I.T., beginning 
this month, Mr. Garrick will teach and 
do research in the Department of Aero- 
nautical Engineering, concentrating on 
studies of flutter, aeroelastic problems, 


1. E. Garrick 


ENGINEERING REVIEW 


Sir Richard V. Southwell 


and aerodynamic phenomena. One of 
his responsibilities will be to deliver the 
Minta Martin Lecture next spring. 

A graduate of the University of 
Chicago, Mr. Garrick joined the NACA 
as a physicist in 1931. At Langley, he 
has specialized in theoretical aero 
dynamics, aircraft vibration and flutter, 
gas dynamics, and applied mathematics. 

The endowed professorship was es- 
tablished in 1954 to honor Dr. Hunsaker, 
Chairman of the NACA since 1941, who 
organized America’s first aeronautical 
engineering course at M.I.T. 


Sir Richard Southwell is 


Visiting Professor at Rice 


Sir Richard V. Southwell, an Honor- 
ary Fellow of the IAS, has joined the 
faculty of The Rice Institute, Houston, 
Tex., as Visiting Professor of Mechan- 
ical Engineering for the coming school 
year. 

The retired British educator, an 
authority in the field of relaxation 
methods and theory of elasticity, will 
teach a full year’s course in these sub- 
jects. A series of public lectures also 
is planned 

Active in aviation since 1914, Sir 
Richard was Professor of Engineering 
Science at Oxford University, England, 
from 1929 to 1942. For the next 6 
years he was Rector of the Imperial 
College of Science and Technology, 
University of London. He has written 
four textbooks and numerous technical 
papers and is a Fellow of the Royal 
Aeronautical Society. He delivered the 
Wright Brothers Lecture in 1941, speak- 
ing on ““New Pathways in Aeronautical 
Theory.” 


C. C. Furnas Receives 


Vincent Bendix Award 


The American Society for Engineering 
Education, at its 64th annual meeting 


SEPTEMBER 1956 


in June, presented the Vincent Bendix 
Award to Clifford C. Furnas, FIAS 
Chancellor of the University of Buffalo, 
who is now on leave to serve the United 
States as Assistant Secretary of Defense 
for Research and Development 

In making the award, the Engineering 
Research Council of the ASEE cited 
Dr. Furnas ‘‘for his personal research 
contributions in many fields of engineer 
ing, for his distinguished service to en 
gineering colleges and their research ac 
tivities. for publications which have 
served both to advance engineering 
science and to interpret the role of en 
gineering college research in the future 
of America, for effective development 
and administration of university re 
search laboratories, and for construe 
tive efforts in advancing research poli 
cies and programs for our national de 
fense.”’ 


Casey Jones Honored 
for Training Technicians 


The American Society for Engineering 
Education has presented its annual 
award for leadership in 2-year technical 
institute education to Charles §. 
“Casey” Jones, AFIAS, President of the 
Academy of Aeronautics, LaGuardia 
Airport, New York. 

He received the 1956 James H. Mc- 
Graw Award, a cash prize of $500, on 
June 26 at the Society’s annual meeting 
at Iowa State College. 

Dr. Jones was cited “‘for outstanding 
service in technical institute education, 
for pioneering leadership in the de- 
velopment of technical schools for the 
aviation industry, for superior adminis- 
trative skills, for outstanding devotion 
to his country in training men for mili- 
tary service in aviation in both world 
wars, and for tireless efforts to enhance 
the position of the technical institute 
and its graduates.”’ 


C. S. “Casey” Jones (right), AFIAS, 
receives the James H. McGraw Award from 
Maynard M. Boring, President, “American 
Society for Engineering Education. 
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A pioneer aviator, Dr. Jones flew with 
the Aviation Section of the Army Signal 
Corps during World War I and then or 
ganized the Curtiss Flying Service, Inc., 
whose +0 schools provided the first train 
ing ground for pilots and aircraft me- 
chanics 

During World War II, Dr. Jones 
helped organize the training program of 
the Army Air Corps. More recently, 
he has helped organize industry-spon- 
sored programs to train technicians for 
the rapid expansion of aircraft manufac- 
turing plants. 


Civil Service League 
Honors Ezra Kotcher 


The National Civil Service League has 
presented its Career Service Award for 
1956 to Ezra Kotcher, AFIAS, Tech- 
nical Director of the Directorate of De- 
velopment at Wright Air Development 
Center, Dayton, Ohio. 

In 28 years of Government service, 
Mr. Kotcher has been closely identified 
with the progress of aviation as a teacher, 
engineer, and scientist. He holds the 
rank of colonel in the Air Force Reserve. 

From 1928 to 1939, he was Senior 
Professor of Aeronautics at the Air 
Corps Engineering School. In 1946 he 
organized the USAF Institute of Tech- 
nology at Wright-Patterson AFB. He 
was its Director for 5 years. 

Mr. Kotcher took a leading part in 
the development of high-speed research 
aircraft such as the X-1, and in improv 
ing aerial refueling techniques. He 
headed the early Air Force program for 
development of guided missiles. Dur- 
ing World War II, he headed a team of 
scientists who not only solved the tech- 
nical secrets of the German V-1 buzz 
bomb but actually built and flew an 
American replica. 

The Career Service Award was pre 
sented to Mr. Kotcher and nine other 
Civil Service emplovees at a dinner in 
Washington on July 2. The award con 
sists of a scroll, personal memento, 
and an honorarium of $100. 


Consulting Firm Formed 


Several professors, scientists, and en- 
gineers connected with Princeton Uni- 
versity have formed a company to do re- 
search, consulting, and development 
work in the rocket, guided-missile, jet- 
propulsion, and aerodynamics fields. 

Among the founders of Aerokinetics, 
Inc, are Luigi Crocco, AFIAS, the 
Robert H. Goddard Professor of Jet 
Propulsion at Princeton; Martin Sum- 
merfield, AFIAS, Professor of Aeronau- 
tical Engineering; J. Preston Layton, 
MIAS, Chief Jet Propulsion Research 
Engineer at the James Forrestal Re- 
search Center; and Irvin Glassman, 
MIAS, a Research Associate in the De 
partment of Aeronautical Engineering. 


IAS NEWS 


A Letter to the Editor 


The Review's June Editorial (depicting the ‘‘Ten Years or More”’ 
IAS staff members and entitled ‘‘The First 289 Years Were the 
Hardest’’) elicited this letter and photo from a staff member of our 
older ‘Sister Society” in England—Ep. 


The Royal Aeronautical Society 


With which is Incorporated the Institution of Aeronautical Engineers 


4 HAMILTON PLACE 


Patron: Her Majesty The Queen 


President: E. T. Jones, C.B., O.B.E., M.Eng. LONDON, WI1 
F.R.Ae.S. 
Secretary: A. M. Ballantyne. T.D., B.Sc., Ph.D.. 
Hon.F.C.A.L, A.F.LA.S., A.F.R.Ae.S. Telephone: Grosvenor 3515-19 


Ref: FHS/AB/383/1 end July 1956 
Welman A, Shrader, Esq., 

Director of Publications, 

Aeronautical Engineering Reviez, 

2, East 64th Street, 

New York, el. 


Dear Shrade, 


I was delighted to see the fossils foto in the Aeronautical 
Engineering Review which we have just received. As a matter 
of interest, I have dug out a snap of our older members of staff 
which I enclose herewith, Extreme front, Bill Huggins (1901) 
behind him Fenny Digwort (1889), Left to right, back row Susie 
Slaptickle (1903), Maggie Dinkwall (1898), Polly Patchett (1908) 
and Jim Stenchback ( ‘sa after the Boer War when he had the back 
of his head blown off), The instrument on the left is the 
Society organ = now known as the Journal, The photo over the 
organ is of Turbulent Flo, the current Society toast. 


x 
7H. SMITH 


LIBRARIAN 


Yours, 
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Necrology 


Carl Dienstbach 


Word has been received of the death 
of Carl Dienstbach, MIAS, on June 27 
in Usingen, Germany. He was 86 
vears old. 

Mr. Dienstbach, an inventor and 
writer, lived in Astoria, Long Island, 
N.Y., but returned to his home town in 
Germany several months ago after 
many years’ absence. 


Mr. Dienst! 
of the Institut 


ach had been a member 
since 1944. 


Joseph J. Hill 


Joseph James Hill, TMIAS, of St. 
Charles, Mo., died on June 5. 
42 vears old 


He was 


Mr. Hill was employed as an engineer 
by McDonnell Aircraft Corporation. 


Lear Engineering Scholarship 


The William P. Lear Foundation, Inc., 
of Grand Rapids, Mich., has given an 
engineering scholarship grant to the 
University of Michigan. 


The Foundation suggested the award 
be used to further the education of a 
needy but deserving student majoring 
in aeronautical engineering or specializ 
ing in electronics as applied to the air 
craft industry 


> Don K. Covington, Jr. (M), Sales 
Manager of The Harbor Sales Com- 
pany, Inc., has been elected Vice- 
President of the Sales Executives’ 
Council of the Baltimore Association 
of Commerce. 

> John W. Hoover (M), Associate 
Professor of Aeronautical Engineer- 
ing at the University of Florida, has 
been elected Chairman of the Aero- 
nautical Division of the American 
Society for Engineering Education. 


J. H. “Dutch” Kindelberger, an Honorary 
Fellow of the Institute and Board Chairman of 
North American Aviation, Inc., has been 
awarded the honorary degree of Doctor of 
Engineering 
Technology. 


by Carnegie Institute of 


> Lt. Col. Richard L. Long, USA 
(TM), was graduated in June from 
the regular 10-month course at the 
Command and General Staff College 
at Fort Leavenworth, Kan. He has 
been assigned to the Transportation 
Supply and Maintenance Command 
at St. Louis, Mo. Colonel Long is an 
Army aviator with multiengine, in- 
strument, and helicopter ratings. 

p> Eugene J. Manganiello (AF), As- 
sistant Director of the NACA’s Lewis 


Harry F. Vickers, MIAS, President of the 
Sperry Rand Corp. and founder of Vickers 
Incorporated, received an honorary Doctor of 
Science degree from the University of 
Southern California on June 9. He was the 
Commencement speaker. 


Ser TEMBER, 


1956 


Flight Propulsion Laboratory, has 
been elected Vice-Chairman of the 
Cleveland Section of the Society of 
Automotive Engineers. 


Members on the move.... 
This section provides information 
cerning the latest affiliations of IAS| 
All members are urged 
notify the News Editor of changes as 
soon as they occur. 


members. 


Waldemar O. Breuhaus (M) has been 
promoted to Head of the Flight Research 
Department of Cornell Aeronautical Lab- 
oratory, Inc. 


Hans Eckert (M), formerly a senior 
aerodynamics engineer on missile projects 
at Convair, San Diego, A Division of 
General Dynamics Corporation, has been 
transferred to Convair's Department of 
Scientific Research. 


Kenneth M. Foreman (TM) has joined 
Fairchild Engine Division, Deer Park, 
N.Y., as a research engineer in the Re- 
search and Advanced Engineering Depart- 
ment. He was formerly a project engineer 
and section head for ram-jet development 
engineering with Wright Aeronautical 
Division of the Curtiss-Wright Corpora- 
tion. 


Edward E. Foster (AF), former Head of 
the Engineering Design and Shops De- 
partment of Cornell Aeronautical Labora- 
tory, Inc., has been promoted to Program 
Coordinator in the office of the Assistant 
Director—Technical. 

Duncan Gardiner (M), formerly Assist- 
ant Chief Engineer, has been named 
Director of Research and Development of 
Vickers Incorporated. He 
Detroit firm in 1934. 

Oscar E. Holt (M) has been promoted 


to Manager of the W. L. Maxson Corpora- 
tion plant at Old Forge, Pa 


joined the 


George L. Haller, AFIAS, has been 
named General Manager of the new Defense 
Electronics Division of General Electric Co. 
in Syracuse, N.Y. He formerly headed the 
Laboratories Department. 
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Otto J. Kolb (M) has been promoted to 
Chief Product Engineer in the Avionic 
Engineering Division of General Precision 
Laboratory, Inc. 

John J. Konikoff (M), formerly Chief 
Development Engineer of Thermal Re- 
search and Engineering Corporation, has 
joined the Special Defense Products De- 
partment of General Electric Company, 
Philadelphia. 

Clifford M. Larson (AF) has retired 
after 37 years with Sinclair Refining Com- 
pany, New York, and has entered private 
practice as a Consulting Engineer at Lar- 
cliff, 55 Taymil Road, New Rochelle, N.Y. 
Formerly Sinclair’s Chief Consulting En- 
gineer, he served as consultant to the 
Secretary of War on fuel and lubricant 
problems during World War II. 


Henry F. McKenney (M) has been 
elected Vice-President for Engineering of 
Electronics Corporation of America, Cam- 
bridge, Mass. Previously, he was Chief 
Engineer of the Ford Instrument Com- 
pany Division of Sperry Rand Corporation. 


William F. Milliken, Jr. (M), has been 
named Director of the newly formed Full- 
Scale Division of Cornell Aeronautical 
Laboratory, Ine. This Division was 
formed by consolidating the Flight Re- 
search Department, which he formerly 
headed, with the newly created Vehicle 
Dynamics Department. 

Nathan M. Newmark (M), Research 
Professor of Structural Engineering at the 
University of Illinois, has been named Head 
of the Civil Engineering Department. 
Dr. Newmark, a former member of the 
USAF Scientific Advisory Board, also is 
Chairman of the Digital Computer Lab- 
oratory of the Graduate College. 


Gaylord W. Newton (M) has been ap- 
pointed Manager of Applications En- 
gineering in the Aircraft Nuclear Propul- 
sion Department of the Aircraft Gas Tur- 
bine Division, General Electric Company, 
Cincinnati. He was formerly Chief of the 
Engine Test Facility operated by ARO, 
Inc., at the Air Force’s Arnold Engineer- 
ing Development Center, Tullahoma, 
Tenn. 

Harner Selvidge (M) has been ap- 
pointed Staff Engineer for the Western 
Divisions of Bendix Aviation Corpora- 
tion. He has been transferred to North 
Hollywood, Calif., from Detroit, where 
for the past 10 years he has been Director 
of Special Products Development. 

Merwin Sibulkin (M), formerly a re- 
search engineer with the Jet Propulsion 
Laboratory of California Institute of 
Technology, has joined the Scientific Re- 
search Staff of Convair, A Division of 
General Dynamics Corporation, in San 
Diego, Calif. 

John D. Stanitz (M) has been promoted 
to Chief Engineer of the Accessories Divi- 
sion of Thompson Products, Inc., Cleve- 
land. 

Merritt A. Williamson (M), former 
manager of the Research Division of The 
Burroughs Corporation, has been named 
Dean of the College of Engineering and 
Architecture at The Pennsylvania State 
University. He has been a special lec- 
turer on Research Administration at the 
University of Pennsylvania. 
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CORPORATE MEMBER NEWS 


e Aerojet-General Corporation...A $13,- 
000,000 manufacturing building under 
construction at the Sacramento (Calif.) 
plant will be used for production of liquid- 
propellant rocket engines for the USAF 
Air Materiel Command. The new build- 
ing will have 360,000 sq.ft. of manufactur- 
ing space. . An Aerobee-Hi sounding 
rocket set a new record of 163 miles at 
White Sands, N.M., on June 29, accord- 
ing to a Navy announcement. Martin’s 
Viking rocket held the previous altitude 
record of 158 miles. The Aerobee-Hi 
carried 130 lbs. of instruments and had a 
gross weight of about 1,500 lbs. In the 
course of a decade, according to the com- 
pany, more than 150 Aerobee rockets have 
been built, and their performance record 
was 89 per. cent successful. Aerojet- 
General is now building 68 Aerobees and 
Aerobee-Hi's which will be used for upper 
atmosphere research by the Air Force, 
Navy, Army Signal Corps, and other 
scientific agencies during the International 
Geophysical Year, 1957-1958. 

e Aeroquip Corporation, of Jackson, Mich., 
offers a new booklet analyzing different 
designs of self-sealing couplings. 

e Airborne Instruments Laboratory, Inc. 
«+The Inchworm Motor is a linear ac- 
tuator developed by A.I.L. to fill the need 
for a powerful feed mechanism that is 
accurately controllable in the range of 
microinches. It is a logical successor to 
the lead screw in all mechanisms requir- 
ing microinch (0.000,005 in. to 0.0001 in.) 
dimensional control. It has found its 
first large-scale application in the machine 
tool field, replacing the lead screws in 
centerless grinders producing precisely 
finished hydraulic components. The name 
derives from its method of operation. 
The Inchworm actually creeps along in 
microinch steps, expanding and contract- 
ing. Employing the magnetostrictive ef- 
fect, the armature of the motor shrinks 
under the influence of an electromagnetic 
field but snaps back to original size when 
the magnetic field is de-energized. The 
Inchworm actuator has brought the stick- 
slip problem under control. The company 
claims the Inchworm Motor promises to 
revolutionize a large portion of the metals- 
working industry in which precise fit re- 
quirements have, for many years, de- 
manded selective mating of components to 
compensate for machining inaccuracies. 
The components can now be manufac- 
tured to the precise dimensions required. 
Elimination of the selective fit require- 
ment opens the door to automatic as- 
sembly. 

e Allis-Chalmers Manufacturing Company, 
of Milwaukee, Wis., has issued a bulletin 
on “End-Shield Bearing Synchronous 
Motors.” 

@ Allison Division, General Motors Cor- 
poration...A brochure has been issued on 
“Development of the Allison Turboprop 
Engine for Air-Line Use.’’ Aeroproducts 
Operations, Dayton, Ohio, has issued a 
brochure on ‘‘Actuators for Aircraft.” 


Produced in the Air Force plant at Alcoa's 
Cleveland Works, this closed-die forging of 
aluminum alloy weighs 3,000 Ibs., is 156 in. 
long, 36 in. wide, and 12 in. thick. 


Aluminum Company of America... What 
is believed to be the largest closed-die forg- 
ing ever made has come from the Air 
Force’s giant 50,000-ton press at the Alcoa 
plant in Cleveland. It is an aluminum- 
alloy air-frame part 13 ft. long, 3 ft. wide, 
and 1 ft. thick. It weighs 3,000 Ibs. The 
king-size forging was manufactured for 
The Glenn L. Martin Company for use in 
the air frame of the XP6M SeaMaster. 
It will form part of the backbone of the 
fuselage and wing structure of the huge 
four-jet seaplane. Engineering and pro- 
duction of the 60-ton set of steel dies re- 
quired several months, with sinking and 
finishing operations for each die consum- 
ing 1,500 man-hours. 

e Bell Aircraft Corporation has pledged 
financial aid in the amount of $75,000 for 
the construction of a nuclear research 
center at the University of Buffalo. The 
University expects to break ground 
November 1 for the $750,000 project. 

e Bendix Aviation Corporation announces 
that Canadian rights to the manufacture 
and sale of the Bendix-Decca navigator 
system, now in use in an area 1,500 miles 
long across Europe, have been licensed to 
its Pacific Division. Bendix-Eclipse of 
Canada, Ltd., is associated in the licensing 
agreement. The Canadian Army and Air 
Force conducted a test of the Bendix- 
Decca system recently. The system has 
been adopted by the Canadian Hydro- 
graphic Office, primarily for operations off 
the East Coast. A brochure on ‘“‘The Ben- 
dix-Decca Navigator System” may be ob- 
tained from Bendix Pacific Division, North 
Hollywood, Calif. 

@ Boeing Airplane Company...In 1959, 
when the Boeing 707 jet air liner enters 
commercial service, it will be possible to 
fly around the world in 40 hours with only 


(Continued on page 72) 


| 
| 


LENGES YOU 


CHAL 


»UR EMPLO 


VERS IN AVIATION 


HOULD you BE LIKE ? 


IST ENGINEERING co 


folley 
Subjects - 
Algebra 
Plane Gex metry 


So ; 

Solid Geometry 

Entrance requirement 
or two of th 

pert of these requiremer 

ations for entrance wil] 


are easily obts 
You are Urged to get ; 
Set copies from th 


A uatli? 
or 


... YOUR PROFESSIONAL LIFE 


es ahead another 


ve much detailed 


LLEGES require + 


Usually specif, 
ts are ot 


of course differ 


ained from indiyjg 


aN UP-TO-DATE FACHLITIOS coun 


TWO TYPICAL 
PROGRAMS OF STUD 


The programs are ex 


Freshman Year 


Onentation Peri@ 


‘ = A 
2, > - 
: 4 WHY 
| \ a | 
Hest \ \ é | 

3. cor’ A \ E Ri N E Duc 
ve 4 Mechanical Drawing ing 1 
\\ al colleges free of chase. 
» = ~ that 
™ guid 
nt | nd beat suit your pro 
| man year, when jent hav become 


EDug 
“] Progress Report—Vocational Guidance 
shal] have og 


It is no news to members of this Institute that we 
have had a longtime interest in the problem of educat- 
ing more and better aeronautical engineers. REVIEW 
readers will remember the statement made by the then 
IAS President, Wellwood Beall, of Boeing, in his 
Editorial in the April, 1952, issue. He pointed out 
that there could be no better program for the IAS 
than ‘‘to bring about a renewed interest in aeronautical 
engineering as a promising and challenging profession.”’ 

Six months later (REVIEW, October, 1952) we 
announced editorially the first stage in our vocational 
guidance plan—the publication of an IAS VocATIONAL 
GupANCE MANUAL. This booklet was titled A Guide 
to the Engineering Profession in the Aviation Industries. 
During the following 3 years it went through two 
editions and over 60,000 were distributed through 
industrial and educational channels. Intended to be 
asource book of information for vocational guidance 
advisers in high schools and colleges, it has served 
its purpose well, as attested by a continuing demand 
for copies (a third edition is now in preparation). 

Now the IAS has taken one further step in the 
program. For the first time we have addressed the 
potential student directly, urging him to consider the 
advantages of an engineering education in general and 


re 


of an aeronautical education in particular. The 
PICAL new booklet Your Career as an Engineer in Aviation 
ams or stil has just come from the presses and the first distribution 
; is under wey. Sufficient funds to provide for the 
Preparation of the booklet and for an initial printing 
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IN SUMMARY 


of 50,000 were authorized by the Council some months 
ago. 

We realize that this number of copies is far short of 
the requirement to place one of these booklets in the 
hands of every high school student in the U.S. The 
distribution plan, carefully worked out by our staff 
after a long-range study of the situation, contemplates 
placing 3 or 4 copies in the hands of secondary school 
vocational advisers in the 12,000-odd secondary schools 
with 300 or more students. They can there be made 
available to those most interested without the ex- 
cessive wastage that a ‘“‘shotgun’”’ type of distribution 
would inevitably incur. 

We anticipate that the eventual demand for this 
booklet will far and away exceed the budgetary capa- 
bilities of the IAS. We hope, however, that the several 
elements of the industry who are vitally interested in 
the problem will see enough merit in the project to 
make a much larger distribution possible. This matter 
has already been called to the attention of our Corporate 
Members. 

Credit for this publication goes to the Students 
Activities Program of the IAS. Thomas Meskel, 
Assistant IAS Secretary, and Paul Welles of his staff 
did an outstanding job in organizing and developing 
the material. They were ably assisted in the layout, 
production, and publication phases by Hugh Judge, 
who is generally responsible for the quality of presenta- 
tion in all IAS publications. We are all proud of 
this effort. We consider it another long step forward 
in carrying out one of our prime responsibilities to the 
industry that we serve. 
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With considerable vision, the 
author concludes that a properly 
proportioned rocket-propelled 
airplane may be developed whicl 
will carry cargo over slage 

lengths of several thousand miles 
al a direct flying cost of less 

than 10 cents per ton-mile and 

at an average flight speed of 

about 5,000 m.p.h. 


Economics of Rocket-Propelled Airplanes—Part 


FIG 


3-1. 


Conceptual embodiment of two-stage rocket vehicle 
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Robert Cornogt 
The Ramo-Wooldridge Corporation 


(1) ABSTRACT 


Consideration is limited to recoverable 
vehicles which are man carrying and 
which resemble conventional airplanes in 
many respects. For such rocket-propelled 
aircraft, the primary factor which deter- 
mines the cost of delivering a load to a 
destination is the cost of the 


»ropellants 
consumed. f 

Propellant consumption may be mini- 
mized by adopting a flight program in 
which the airplane is initially accelerated 
to high speed and then glides to the desti- 
nation. 

For most of the cases considered, liquid 
oxygen and a hydrocarbon oil (gasoline 
kerosene, etc.) form the cheapest chemical 
propellant combination from the stand- 
points of cost per unit weight of the pro- 
pellant mixture and of propellant cost pet 
ton-mile of cargo transported 


(Continued next page 


* Attention is invited to the unusual 
number of papers in this Roster Issue of 
the Review. Many factors have made 
this possible, one being the kind permis- 
sion of the author to continue his papet 
over to the October issue. References used 
by Dr. Cornog will appear customarily at 
the end of his paper. 

+ Member of the Technical Staff, Guided 
Missile Research Division 

t By way of contrast, if a nonrecoverable 
vehicle is used to deliver a load to a 
destination, it will be found that the cost 
of the structural parts of the vehicle, 
which must be included in the total de- 
livery cost, is the dominant factor in de- 
termining the total delivery cost 
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The rocket-powered airplanes investigated and described in 
this study are ‘‘paper”’ airplanes. Before they can be converted 
from phantasmagoria into practical, operational vehicles, several 
key requirements must be met. The two most important of these 
key requirements are: (1) Aerodynamic lift/drag ratios of the 
order of four or more must be obtained at flight speeds in the 
range of Mach 10 to Mach 16.* (2) Structural factors must be 
achieved such that the initial gross weight of an airplane is at 
least four times its empty weight. 


(II) INTRODUCTION 


N MOST PARTS OF THE WORLD it is cheaper to buy, 
I maintain, and service an oxcart than it is an air- 
plane. In spite of this fact, there are more airplanes 
than oxcarts in most civilized areas of the world. The 
key to this paradox is the relative speed of transportation 
afforded by each vehicle. 

The gross revenue or income which the operator of a 
transportation system receives is, in almost every case, 
directly proportional to the amount of service rendered. 
Thus, the operator of an air line receives so much per 
ton-mile or passenger-mile of pay load transported. 
An obvious way to increase the operating profit in a 
given air line (with a fixed number of airplanes) is 
therefore to maximize the gross income. This can be 
done by: 

(a) Operating all the equipment as much as possible. 
Thus, each airplane should fly at maximum loading and 
the maximum possible number of hours per day. In 
this manner, the number of ton-miles or passenger-miles 
for which payments are received is maximized. 

(b) Flying at high speed. Other things being equal, 
if an airplane flies twice as fast, it will bring in twice as 
much revenue. 

The factors grouped under (a), above, are usually not 
completely under the control of the air-line manage- 
ment. Even with the best of planning, flight loading is 
a variable market factor which changes with the ebb 
and flow of economic tides. The utilization of flight 
equipment is currently limited by the set of regulatory 
laws and rulings formulated and promulgated by the 
government or governments involved. 
the CAA and CAB regulate air traffic. 

The maximum flying speed for a given aircraft, see 
(b), above, is limited. Usually the fuel consumption 
and cost increase sharply as the flying speed is in- 
creased. In practice, there is usually an optimum oper- 
ating speed for a given airplane. At this speed, the in- 
creased revenue obtainable by flying still faster exactly 
balances the increased fuel cost. In practice, this speed 
is usually about one and one-half times the flight speed 
at which minimum fuel consumption is obtained. 

The operational characteristics of an airplane at the 
optimum operating speed, as outlined in the foregoing, 
isa most important factor to the designer of commercial 
aircraft. It is the most tangible yardstick used by air- 


In this country 


* 
This requirement may be somewhat relaxed for rocket air- 
planes designed and used for ranges in excess of 6,000 miles. (See 


“Propellant Costs’? and ‘Necessary Assumptions,”’ the latter in 
Part IT.) 


3] 


line managements in evaluating all new airplanes. Ina 
free economy, the strongest incentive for the air-line 
management to replace existing airplanes with newer 
and more expensive models is the expectation that the 
change will increase the net profit. 

Other factors being equal, the faster the flight speed 
cf a transport air liner, the faster it produces passenger- 
miles or ton-miles of potential revenue. 


Alert airplane 
designers are well aware of this fact. 


It is this economic 
incentive for higher flying speeds which is primarily 
responsible for the steady increase in the flying speeds 
of commercial air liners. 

At supersonic flight speeds, the aerodynamic effi- 
ciency of airplanes is much less than at subsonic speeds. 
In other words, the aerodynamic drag which must be 
overcome in order to maintain an airplane of a given 
weight at fixed speed in straight and level flight is much 
greater. There are valid reasons for believing that this 
increased drag penalty incurred by flying at supersonic 
speeds is a fundamental one and that it is highly prob- 
able that the lift/drag ratio of subsonic aircraft will 
always be better than the lift/drag ratio of supersonic 
aircraft. 

If the increased fuel consumption occasioned by the 
increased aerodynamic drag at supersonic flight speeds 
can be more than compensated for by the increased 
rate at which the supersonic airplane produces revenue, 
there exists a sound economic motive to develop super- 
sonic aircraft for commercial transport application. 
Several studies have been made to attempt to find an 
answer to this question. For the most part, these 
studies have been confined to conventional turbojet- 
powered planes flying at speeds in the region of Mach 
1.5 to Mach 2.5 and at altitudes in the region of 40,000 
to 65,000 ft. 

A much more challenging and stimulating line of 
thought may be initiated if the economic incentives for 
high flight speeds, as described above, are exploited to 
the hilt. In other words, let us consider flight at the 
highest possible speed and ask ourselves the following 
questions: What are the costs of operating such air- 
craft? and how do the revenue-producing potentialities 
of such aircraft compare with those of aircraft flying at 
lower speeds? A study of these two questions consti- 
tutes the body of this report. 

Approximately 20 years ago, detailed designs for 
rocket-driven airplanes were proposed in which satellite 
velocities were to be obtained.! The flight speed of such 
a vehicle is approximately 15,000 m.p.h.—i.e., 30 to 50 
times the 300- to 500-m.p.h. flight speed of existing 
commercial aircraft. 

It has been assumed throughout this study that all 
the technical problems associated with the develop- 
ment, construction, and operation of a commercial 
rocket-powered airplane have been successfully mas- 
tered and that such a rocket-driven airplane, moving at 
near satellite speeds, has been adapted to commercial 
air-transport use. Before one can correctly assert that 
such a rocket-powered satellite vehicle is the ultimate 
in high-speed commercial transport design, it must be 
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TABLE 3-1. DESCRIPTION OF ROCKET-PROPELLED AIRPLANES 


— — 
GENERAL 
Range 5740 miles 5740 miles 5740 miles 
Propellants oil and 02 oil and 02 il and 02 
Structural Factor 0.10 0.10 


WEIGHT BREAKDOWN (All Weights in Pqdunds) 


Load Carrying Stage 


Maximum Payload C 10, 000 
or No. of Passengers 50 (50) 
Propellants 0,050 62, 000 
Structure 4,450 8,000 
Total Initial Weight 44, 50C 80 


Launching Stage (Rocket) 


Structure 


otal Initial Weight 98 


Lifting Stage (Turbojet Power: 
Payload 
Engines 7 
Other Str e 5, 00 
Fuel 25, 0 4 
Total Take-off Weight 117, 00 
FUEL & PROPELLANT COSTS 
8 8 28.8 
88 88 
tal propellant cost 45 4.9 
kulocen ts/trip 
Total jet engine fuel cost - 
kilocents/trip @ 2¢/1b one 50 
Total cost of expendable 
chemicals - kilocents/trip | 145 05 


Total fuel cost, cents/ton mile | 5.03 3. 64 6.32 


shown that no other type of vehicle (i.e., nonrocket) will 
fly as fast and that no other rocket-powered vehicle will 
fly faster. 

It can be shown in a variety of ways that air-breath- 
ing engines cannot be made to fly much faster than 
Mach 8. This upper bound is a fairly sharp one. Aero- 
dynamic heating becomes an insuperable problem in 
air-aspirating engines designed for higher flight speeds. 
The writer is not able to visualize engines other than 
rocket engines which will operate in a vacuum.* 

At flight speeds higher than satellite speeds, the cen- 
trifugal force on a vehicle, tending to throw it off into 
space, is greater than the gravitational attraction of the 
earth. Consequently, a vehicle traveling at these 
speeds must fly “upside down”’ in the atmosphere and 
utilize the negative aerodynamic lift thus developed to 
keep the vehicle within the atmosphere. The drag 
engendered by such a procedure varies as the square of 
the increase in flight speed. Since the increase in reve- 
nue varies only as the first power of the increase in 
flight speed, it is apparent that a speed must soon be 
reached at which the drag losses are prohibitive. t 

It is concluded, therefore, that with the possible ex- 
ception of cargo capsules moving in an evacuated tube, 
no other form of terrestrial transportation can or will 
move faster than rocket-propelled airplanes. 

* The electrodynamic acceleration of incapsulated vehicles 
traveling in evacuated tubes on the surface of the earth consti- 
tutes an important exception. The properties of such transporta- 
tion systems have been discussed elsewhere.® 

+ A few years ago a spokesman for a large airplane manufac- 
turer predicted that flight speeds of 186,000 m.p.h. would be 
attained. At these speeds, passengers on an earth-bound vehicle 
would be subjected to negative accelerations of more than 
100g. 
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(III) GENERAL PROPERTIES OF ROCKET-PROPELLED 
AIRPLANES 


(A) Optimum Flight Program 


It will be found that the best—i.e., most economical— 
flight procedure of rocket-powered aircraft is very dif- 
ferent from any contemporary airplane. The energy in 
the propellants can be used most effectively if the air- 
plane is brought to maximum speed immediately after 
take-off. The airplane then glides at great altitude and 
high speed toward its destination. 

The gliding portion of the flight is very different from 
ordinary gliding. Assuming still air, there is a constant 
loss of altitude in ordinary gliding flight. The force re- 
quired to overcome the aerodynamic drag is obtained 
at the expense of gravitational potential energy. In the 
rocket airplane, however, the work required to over- 
come aerodynamic drag is obtained primarily at the 
expense of the kinetic energy of the airplane. Conse- 
quently, there is a continuous decrease in velocity dur- 
ing the gliding portions of the flight. 

The rocket airplane will also lose altitude during the 
gliding portion of flight. However, the energy thus 
obtained is only a few per cent of the kinetic energy 
initially available. The loss of altitude follows from the 
requirement that, in order to maintain an optimum 
lift/drag ratio and the necessary lift, the ambient air 
density must be increased as the velocity decreases. 
(In other words, the airplane is piloted to lower altitude 
where the density of the air is greater.) This type of 
gliding is frequently called ‘‘momentum gliding’ and 
has been described by several authors.” * 4 

In order to permit clear comparison between rocket- 
propelled aircraft and other types of transportation, 
there follows a description of the construction and 
operation of the rocket-propelled aircraft whose eco- 
nomic characteristics are to be investigated. 

It has been assumed that, in every case, the designer 
has attempted to evolve a design which will render the 
desired transportation at the minimum possible cost to 
the air-line operator. It has been further assumed that 
existing chemical propellants must be used. The poten- 
tialities of nuclear-powered aircraft are discussed in 
Appendix 3 of Part II. 

A two-stage rocket vehicle is assumed. A _ possible 
embodiment is shown in Fig. 3-1 (see p. 30). Wing 
loading of both stages, in the empty condition, will be 
somewhere in the range of 10 to 100 Ibs. ft. Thus, the 
landing speeds and landing runway requirements are 
no different from contemporary aircraft. 

Launching technique and general program of flight 
are very similar to those suggested by Sanger' and 
Thiel. The completely loaded vehicle is launched 
from a recoverable rocket-propelled sled or dolly. The 
larger stage completes its burning and acceleration in 
about 3 or 4 min. Immediately thereafter the smailei 
stage continues acceleration for an additional 3 or + min. 
At the end of the acceleration period, the smaller 
residual stage is traveling at a velocity of approxi- 
mately 16,000 ft./sec. At this speed, an appreciable 


the 


fre 
TI 
co 
ap 
flis 
is 
| ti0 
th 
ing 
4 44, 5¢ Cie 
rec 
| 
a 
TOC 
(B 
sib 
dis 
fou 
es] 
(A 
of 
in 
cor 
of 
pre 
cra 
ec 
anc 
( 
lin 
cos 
is 
sot 
cos 
( 
( 
i 
dir 
to; 
eve 
ten 
Sta 
the 
Tal 


LLED 


cal 
y dif- 
gv in 
e air- 
after 
e and 


from 
istant 
ce re- 
ained 
[n the 
Oover- 
it the 
“onse- 


y dur- 


ig the 

thus 
nergy 
ym the 
imum 
nt air 
reases. 
ititude 
ype of 
ocket- 
tation, 
n and 


se eco- 


esigner 
ler the 
cost to 
od that 
poten- 
ssed in 


yossible 

Wing 
will be 
ius, the 
nts are 


flight 
or! and 
unched 
The 
ition in 
smailei 
r4 min. 
smaller 
.pproxi- 
reciable 


ECONOMIES OF ROCKET-PROPELLED ATRPLANES 33 


fraction of its weight is supported by centrifugal forces. 
The remainder is supported by aerodynamic forces in a 
conventional manner. The initial flight altitude is 
approximately 35 miles and decreases slowly during the 
flight. The time required to reach the destined airport 
is approximately 40 min. 

The large stage, used only during the initial accelera- 
tion period, performs a gliding turn and coasts back to 
the airport where it will be available for other launch- 
ings. While this unit may be piloted, its role may be 
clarified if it is considered to be an unusually elaborate, 
recoverable, rocket-assisted take-off unit. 

Under some circumstances, it will develop that only 
a single-stage rocket is necessary. In other words, the 
rocket-assisted take-off unit is not always necessary. 


(B) Properties of Three Specific Designs 


Some of the more important properties of three pos- 
sible rocket airplane designs are given in Table 3-1. A 
discussion of most of the assumptions used will be 
found in the pages which follow. There is nothing 
especially significant in the designs selected. 


(IV) Direct FLy1InG Cost oF ROCKET AIRCRAFT 


(A) Economics of Air-Line Operation 


In order to permit meaningful comparisons, students 
of air-line economics have adopted certain conventions 
in tabulating the operating costs. A description of these 
conventions follows. It is hoped that a short exposition 
of this discipline not only will aid in understanding the 
probable costs of the operation of rocket-propelled air- 
craft but will also help focus attention on the probable 
economic factors which affect the evolution of current 
and expected future transport aircraft. 

Ordinarily, the costs of operating a commercial air 
line are divided into two broad categories—direct flying 
costs and overhead or burden. A third category, profit, 
is sometimes lumped with direct flying costs and is 
sometimes considered as a separate category. 

Direct Flying Costs—The category called direct flying 
costs usually includes: 

(1) The fuel and oil consumed during flight. 

(2) Interest on capital invested in flight equipment. 

(3) Depreciation on the airplane. 

(4) Cost of overhaul, repairs, and maintenance on 
the airplane. 

(5) Insurance and taxes on flight equipment. 

(6) The salaries of flying personnel. 


Both the individual component costs and the total 
direct flying costs vary from year to year, from air line 
to air line, and between one plane and another. How- 
ever, Table 4-1 is believed to be representative of con- 
temporary commercial air-line operation in the United 
States. 


Application to Rocket Airplanes—In order to compute 
the direct flying costs of rocket-propelled airplanes, 
Table 4-1 has been modified as follows: 


TABLE 4-1 


Rocket- 
Contemporary Powered 
Air-Liner, Transport, 


0 0 
(1) Fuel and oil 28 80 
(2) Interest on investment 5 1 
(3) Depreciation 24 6 
(4) Maintenance and repair 24 9 
(5) Insurance and taxes 7 1 
(6) Flight payroll 12 3 

Total 100 100 


(1) Fuel and oil: The cost of propellants burned in 
the rocket corresponds to the fuel and oil consumed in 
the conventional airplane. 

(2) Interest on investment: The operator of a rocket 
airplane must pay interest to the agency from which he 
borrowed money to pay for the airplane. Alternatively, 
if the operator had the capital himself, he loses the 
interest he could have received on his money had he not 
bought the airplane. 

(3) Depreciation: After a period of use, the airplane 
will be obsolete and valueless. The prudent operator 
will set aside funds at a rate adequate to compensate 
for this loss. 

(4) Maintenance and repairs: In order to keep the 
airplane in a safe operating condition, periodic repairs 
and maintenance work must be performed. 

(5) Insurance and taxes: Flight equipment will be 
taxed and should also be insured against inadvertent 
loss or damage. 

(6) Flight payroll: Salaries of all flight personnel are 
included in this category. 

Overhead Costs—In addition to the direct flying costs, 
there are a number of indirect costs which are usually 
lumped together to form what is known as burden or 
overhead. Included in the burden costs are rents and 
other costs of maintaining airport facilities, salaries of 
ticket agents and other sales personnel, advertising 
costs, and administrative and legal expenses. 

In general, the burden is approximately 80 per cent 
of the direct flying costs. It should be noted, however, 
that since the burden is an insensitive function of the 
type of airplane being used, any reduction in the direct 
flying costs increases the relative costs of the burden. 

It is worth pointing out that the burden cost per ton- 
mile of service delivered is reduced when the length of 
flight is increased. The longer flight entails approxi- 
mately the same amount of overhead activity yet pro- 
duces more ton-miles of revenue than a short flight. It 
will be shown that in most cases the direct flying costs 
of rocket airplanes also decrease as stage length is in- 
creased (see Fig. 4-2). It may be concluded, therefore, 
that rocket airplanes will be most economical (and most 
competitive with conventional airplanes) when used 
between cities which are several thousand miles apart 
and which are situated so that no facilities can be in- 
stalled for refueling conventional airplanes at intermedi- 
ate points. 
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Fic. 4-1. 


(B) Propellant Costs 

(1) Velocity Requirements 

(a) Range of a momentum glider: In order to com- 
pute the cost of transportation when using rocket-pro- 
pelled airplanes, numerical values must be assigned to 
several performance parameters. One of the most im- 
portant of these is the lift-to-drag ratio. It can easily 
be shown that the range of a momentum glider having 
an initial velocity, vo, ft./sec. is? 


S = (R/2) (L/D) log, [1 — Rg) | 


| 


range (ft.) 

R = radius of earth (ft.) 

L/D = iift/drag (assumed constant) 
initial velocity (ft./sec.) 


« 


g = gravitational acceleration (ft. sec.*) 


It was assumed throughout all computations that the 
average lift drag ratio to be used in this equation is 6. 
This is a crucial assumption, especially in cases where 
the velocity v is appreciably smaller than the satellite 
velocity. Some experimental results showing lift drag 
ratios of more than 7 at Mach 7 are given in reference 
8. Sanger has pointed out that, for configurations de- 
signed for hypersonic speeds, the lift/drag ratio will 
ordinarily improve as the flight speed is increased. 
Pertinent material may be found in references 4 and 12. 

Table 4-2 was obtained by substituting LD 6 in 
Eq. (1). 

(b) Acceleration 
called the ideal 
velocity v of a rocket airplane, starting from rest, is* 


allowance: In a_ gravity-free 


vacuum, condition, the terminal 


TABLE 4-2 
Initial Velocity, Glide Range, 

ft./sec. miles 
5,000 420 
7,000 825 
12,000 2,880 
16,000 5,740 

10,820 


20 ,000 


SEPTEMBER, 


Mo: 
v= >> ¢; log, ( ) (2) 


1936 


i: M; 
where 
c; = effective exhaust velocity of the 7th stage 
\Jo; = initial mass of the 7th stage 
\J; = final mass of the 7th stage 
n = number of stages in the rocket 


The formula does not give the complete story. In 
addition to the acceleration to maximum velocity, the 
rocket-propelled airplane must climb to the top of the 
Because of the amazingly small ratio of 
the air density at flight altitude to the density at sea 


atmosphere. 


level (roughly 1 to 1,000), the rocket-powered airplane 
is forced to fly very slowly during the early portions of 
Rocket engines are very inefficient when 
Consequently, appreciable 
quantities of propellant must be ‘‘wasted”’ in pushing 


its climb. 
operated at low speed. 


the rocket up through the denser portions of the atmos- 
phere. 

The acceleration allowance is the percentage by which 
the ideal velocity obtained by the preceding equation 
must be increased to cover the aerodynamic and gravity 
losses encountered during the acceleration of an actual 
rocket-powered airplane. 

If viewed in this manner, the use of a special power 
plant during the climb through the atmosphere sug- 
gests itself. For example, if a lightweight turbojet* is 
used to lift the rocket-powered airplane to an altitude 
of 100,000 ft., an enormous amount of propellant can 
be saved and used more efficiently during the later, 
high-speed portion of the acceleration process. 

*In Aviation Age, p. 18, April, 1955, A. G. Elliott of Rolls- 


Royce is stated to imply that “‘lift engines could be developed 
having a specific weight of 0.01, or even better.”’ 


Assumptions 
1. Allowance for Drag and Climb 26.1% 


2. Qxridiser Liquid 0, 


3. Ratie (for each stage) Structure 
b= 0.10 O11 Paeled Rocket 
= 0.15 Hydrogen Pueled Rocket 


4. Lift/Drag = 6 


l= 


| 


al + t 


Propellant Consumption Lbs/Ton Mile 


© 2 4 6 8 10 -* 
Range Thousands of Miles ———= 


Fic. 4-2. Propellant consumption in rocket aircraft 
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T T 
| 
1 | 
15 Agsumptions 
1. 26.1% Allowance For / 
Drag and Clim 
2. Oo, + Qil = Propellant / 
13 (v = 9000 ft/sec) 


. Lift/Drag = 6.0 


Ibs/Ton Mile 


0 C.04 0.08 0.12 0.16 0.20 0.2% 
Structural Factor — 


Fic. 4-3. Effect of structural weight on propellant consumption 
in rocket aircraft. 


The rocket-powered airplane must climb from the 
surface of the earth to an altitude of about 30 miles 
during the acceleration process. Completely aside 
from the inescapable aerodynamic drag described above, 
this climb represents a lot of work. Define the opti- 
mum acceleration program as that which accomplishes 
the desired acceleration with the minimum expenditure 
of propellant. So far as the writer is aware, no one has 
been able to derive a workable, explicit, analytical ex- 
pression for the optimum path. In practice, a series of 
“cut and try’’ paths are computed. Each path must be 
computed in a tedious step-by-step process. In addi- 
tion, one must include the restriction that the aero- 
dynamic forces on the airplane must be kept small so as 
not to endanger the structural integrity of the vehicle. 


Finally, it will often be found that propellant con- 
sumption, as obtained by the successive approximation 
method described above, may be reduced still further 
by judicious programing of the thrust. The thrust at 
any portion of the flight may be limited by considera- 
tions of physiological welfare of the cargo. The inter- 
action between the size of the rocket thrust chamber 
and its weight must also be considered. 


Most of these nuances have been considered by 
Sanger and Bredt.* The acceleration allowance used in 
this study (26.1 per cent) is based on Fig. 65, page 102 
of their report. 

A little thought will convince one that the accelera- 
tion allowance is not the constant percentage of the 
terminal velocity assumed in this report. Instead, the 
necessary velocity increment may be divided into two 
parts: the necessary increase in gravitational potential 
entailed by the climb to altitude and the unavoidable 


aerodynamic drag incurred during the acceleration 
process. 

Numerically, the increase in the gravitational poten- 
tial of the airplane, when flying at 160,000 ft., corre- 
sponds to the kinetic energy of the airplane when flying 
at 3,200 ft./sec. This energy must be given to the air- 
plane even if there is no aerodynamic drag, or, stated 
differently, even if the lift/drag ratio of the airplane is 
infinite. 

Throughout the acceleration process an aerodynamic 
drag will act on the airplane. This drag loss constitutes 
the second component of the acceleration loss. As 
shown in reference 5, this loss may be materially re- 
duced by optimizing the direction of the thrust vector 
during the acceleration process. 

It is interesting to note that Sanger,’ according to his 
Fig. 55, allows approximately 1,000 m./sec. for the 
acceleration losses. The effect on propellant consump- 
tion of changing the acceleration allowance is shown in 
Fig. 4-4. 

(c) Expected propellant performance: Regardless of 
the propellants selected, the larger portion of the burn- 
ing will take place above the atmosphere. Under these 
conditions, the pressure ratio across the rocket nozzle 
will be several hundred or more. Consequently, the 
effective exhaust velocities will be substantially greater 
than shown in Figs. 4-8 and 4-9 of ‘‘Rocket Propulsion 
Elements” by Sutton,* wherein a pressure ratio of only 
20 to 1 was assumed. Sutton’s Figs. 3-12 and 3-13 were 
used to help estimate the effective exhaust velocities 
used. 


Three different propellant mixtures were considered: 


Assumptions 
1. Structure Factor = 0.10 
2. Range = 5740 Miles 


3. Propellants = Oil + 0, 
(9000 ft/sec) 
[— 4. Two Stages - All Cases 
J 5. Lift/Drag = 6.0 / 
5 


a 
& 3 
2 
a 
& 

10 20 30 70 50 


Acceleration Allowance For Climb and Drag - % v/c——=— 


Fic. 4-4. Effect of acceleration allowance assumptions on pro- 
pellant consumption in rocket aircraft. 
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TABLE 4-3. PROPELLANT COSTS 


1. Assumptions | 
CASE | A T B cee D | 
+ 
Propellants | | 02 + oil 02 + Hz +H 
| | ature rat 
Cost of Propellant | 
Mixture (cent/1b) | 0.887 0.887 0. 887 2.0 
| (2.0 for fuel used 
| in lifting engines) 
Acceleration 
Allowance (® 26.1 | 26.1 | 0.0 26 
Structural | 
Factor [9-10 0.20 0.10 | 0.45 
4 
RANGE (mules) U. Propellant Costs (cent/ton mile) 
420 5.37¢ | 8.05 4.14* 8. 208 
825 5.03% | 3. 308 7.108 
| 
2, 880 4.47 | 8.18 | 6. 40° 
| 5, 740 5.07 14.75 | 2.368 6.04 ‘ 
10, 880 [8.45 3-stage | 2.10 6.62 


*Single Stage; all others Two Stage unless otherwise indicated. 
*°Case C is an advanced design. Lifting engines are used to perform the initial port 
the acceleration, and an effective exhaust velocity of 10, 000 ft/sec was assumed 


A 100% load factor was assumed in computing all the above costs 
factor, multiply by 1.12 


To get a 80% load 


The first is liquid oxygen and oil. The oil may be 
JP-4, gasoline, diesel fuel, or any similar hydrocarbon. 
A mixture ratio (oxidizer to fuel) of 2.75 was assumed. 
The mean effective exhaust velocity of hot gas from the 
combustion chamber was assumed to be 9,000 ft. sec. 

The second propellant combination considered is 
liquid hydrogen and liquid oxygen burned together with 
a mixture ratio, oxygen/hydrogen, of 4.0. An exit 
velocity of 12,330 ft./sec. was assumed. 

Finally, liquid hydrogen and liquid oxygen having a 
mixture ratio, oxygen/ hydrogen, of 9.0 was considered. 
An exit velocity of 10,460 ft./sec. was assumed 


(d) Resultant v/c requirement: The required ratio of 
(ideal, theoretical rocket velocity at end of burning) 
The 
curves of reference 5 were used to determine this ratio. 
A typical result of such a determination is shown in 
Fig. 4-1. 


(effective gas exit velocity) is denoted by 


(2) Propellant Consumption— 


(a) Effect of structural weight: The ratio of the weight 
of a single stage when completely empty (no propel- 
lants, no pay load) to the gross weight of the stage when 
completely full, is defined as the structural factor 
noted by 6). For reasons described in a previous paper,’ 
the writer is inclined to agree with Sanger and Bredt* 
that a value of 0.10 is a reasonable assumption for the 
structural factor. However, the effects of assuming a 
more conservative value for the structural factor are 
shown in Fig. 4-3. It is important to notice that the 
propellant performance assumed is close to the theoreti- 
cal attainable limit. Consequently, no great improve- 
ment may be expected. 

No such definite theoretical limit exists for the struc- 
tural factor.!* Such limits as have been prescribed by 
theory are far beyond those herein discussed. Com- 
paratively, therefore, the field of weight reduction is 
wide open; designs may be expected in which important 
reductions in weight have been achieved. 


de- 


(b) Results: The total fuel consumption of a stepped 
rocket of m steps is given by van der Wal.’ Numerical 
results for some typical examples are given in Fig. 4-2. 
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(3) Unit Cost of Propellants— 

(a) Assumptions: Two propellant combinations were 
considered: (1) petroleum oil and liquid oxygen (mix. 
ture ratio—oxygen/oil = 2.75) and (2) liquid hydrogen 
and liquid oxygen (mixture ratio—oxygen/hydrogen = 
+.0, 9.0). 


Except for the 9.0 case, the mixture ratio selected was 


and mixture ratio—oxygen/hydrogen = 
chosen so as to minimize the unit cost of the propellant 
mixture without unduly compromising its performance, 

Liquid Oxygen: In all cases, oxygen is by far the 
cheaper propellant component. Liquid oxygen of com- 
mercial purity is currently being sold at prices ranging 
$20- to $30/ton. 


which indicate that, if there were really a large-scale 


from There are studies, however, 
demand for oxygen, the price would be reduced to $5.00 
or $10, ton at the production site. 

Hydrocarbon Oil: The hydrocarbon oil is selected 
as the cheapest available distillate fuel. The cost oj 
this fuel is assumed to be 12 cents/gal. or 2 cents/lb 
The Air Force has obtained JP-4, a fuel of higher qual- 
ity, at prices less than 2 cents/lb. It is, therefore, felt 
that 2 cents/Ib. for the hydrocarbon oil is a conservative 
figure. See also Appendix 1, ‘‘Fuel Costs.” 

Other Possible Fuels: Ammonia and hydrazine are 
both attractive from the standpoint of their perform- 
ance in rockets. Unfortunately, there is little reason 
for believing that they will ever be cheaper than oil on 
a basis of cost per unit weight. In addition, oil, burnings 
to carbon dioxide and water, requires more oxygen pei 
pound of fuel than either ammonia or hydrazine. Since 


the oxygen is the cheaper component, the cost of the 


propellant mixture is reduced whenever the oxygen/fue} . 


ratio is increased. Therefore, even if ammonia and 
hydrazine cost no more than oil, the cost of the propel 


lant mixture, ammonia-oxygen or hydrazine-oxygen 
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would still be more than the cost of the gasoline-oxygen 
mixture. 
Hydrogen-Fluorine: The hydrogen-fluorine system 
has a very high specific impulse. However, the added 
cost incurred by using this or any other high-perform; 
ance fuel van easily be shown to outweigh greatly th¢ 
advantage of increased exit velocity. 
Commercial hydrogen is currently pro 
duced by three processes: 


Hydrogen: 
electrolysis of water, reac 
tion of steam on hot carbon, and dehydrogenation 0 
petroleum in plants. In all thes 
methods, the unit cost of the hydrogen produced is 


petro-chemical 


sensitive function of both the cost of the ingredient 
consumed and of the value of possible by-products 
In order to avoid a complex economic study, the write 
estimated that the cost of liquid hydrogen is 8 cents/lb 
A production cost of 8 cents/Ib. may be approached i 
a plant electrolyzing water in which the cost of electri 
power is no more than 4 cents/kilowatt hour. A mor 
recent source of cheap hydrogen is a by-product from 
The value of & cents 
lb. is believed to be somewhat optimistic and should } 


petro-chemical manufacturing. 


used as a lower bound when comparing the relativ 
virtues of hydrogen and oil as rocket fuels. 


(Continued on page 71) 
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The use of a spring-loaded cam to create “artificial feel’’ for an 

airplane control system requires the design of a cam contour 
that will produce a desired cam moment vs. cam rotation function. 
Using an energy relation, il is possible to calculate directly 
points for the required contour without solving a differential 


equation. 


Calculation of Feel Cam Contour 


Jack E. Brooks* 
Republic Aviation Corporation 


INTRODUCTION 


N FULLY POWERED aircraft control systems, the pilot 
| operates the control surface by means of a servo, 
with the result that he does not feel aerodynamic forces 
at the control stick as with an unpowered system. Thus 
it is necessary to supply artificial stick forces or “‘feel’’ to 
help him-control the airplane. A basic part of such 
is the variation of stick force as a func- 
tion of stick position, and a convenient means of doing 


“artificial feel’’ 


this is with an appropriately shaped spring-loaded cam. 
Such a feel cam can generate a wide range of force func- 
tions, as well as allow design changes by merely intro- 
ducing a new cam. We proceed to develop the analysis 
for calculating such a cam contour so as to obtain any 
desired variation of cam moment with cam rotation. 


SYSTEM GEOMETRY 
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Consider the two-dimensional geometry of the cam 
system as shown in Fig. 1. The basic system is given 
by taking the fixed cam pivot point O as origin with the 
positive x axis through Q and specifying the following 
information : 

(1) Coordinates of roller pivot point Q(A, O) 

(2) Coordinates of spring pivot point 7a, b) 

(3) Spring arm C 

(4) Roller arm E 

(5) Roller radius 7 

(6) Angle the roller arm makes with the spring arm, 
a= ZSQB (positive when counterclockwise). 

Specification of the configuration for the neutral 
position can be done by choosing the corresponding 


proached if 


length of the spring Ly. We also need to know the un- 
stretched length of the spring, /, and its spring rate con- 


t of electngstant K. 
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With the cam in its neutral position, we set up an (x’, 
y') coordinate system fixed in the cam and aligned with 
the (x, y) system that is fixed in structure. Cam rota- 
tion angle \ is zero for neutral and is defined as the angle 
'o which the (x’, y’) system has been rotated counter- 
tlockwise relative to the (x, y) system. The desired ex- 
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y —| ar F 
T (9,5) 
F 
r M’ 
B luv) 
NE 
FAL = 
Y’ X » D 
Q Xx 
A 
Fic. 1. Geometry of feel cam system. 


ternal moment required to rotate the cam through an 
angle \ and defined positive when in the counterclock- 
wise sense is given as in Fig. 2 by 1/(A) as a function of 
r. 


ENERGY RELATIONSHIP 


Neglecting friction in the system, the work W done by 
this external moment in rotating the cam from neutral 
to a position \ is equal to the corresponding increase in 
the potential energy of the spring. First we obtain W by 


the relation 
r 
0 


Then to calculate F, the force exerted by the spring, 


W 


(1) 


W 


(1/2)K(L — 1)? — (1/2)K(Ly — 2)? 
(1 ‘2K )(F? F)?) 


Il 


or 


F= +V2KW + Fe (2) 


where L is the length of the spring, and Fy = K(Ly — /). 
Now L can be obtained from F by 


= 
— 
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Fic. 2. Cam moment vs. cam angle. 


L = (F/K) +1 3 


We take the positive square root in Eq. (2) for the 
case with the spring in tension, and we take the negative 
for compression. 


ROLLER SYSTEM 


Once L is known, we can calculate the complete roller 
system geometry. The point S is determined as the 
intersection of two circles: one with center at /° and 
radius L, and the other with center at Q and radius C 
There will be two such intersections, and a design choice 
must be made to select the desired one. 

To proceed, we first calculate ¢, the polar angle for 


Ros. 


Ror = (a — A)i+ bj 
Ros = C (cos gi + sin gj) 


(Rrs)* 
(Ros Ror)” 
= (Rgs)’ (Ror) 2Ros- 
or (a — A) cos¢+ bsing = D 
where 


D = (1/2C)[C? + (a — A)? + — L?] 


Then 

Db + (a A) Via — A)? +82 

sin @ = 
(a +P 

D(a — A) ¥ b V (a — A)*-- 6? — D 

cos @ = 
(a — A)? + 

and “= E cos (od + a) _ A 7 


v E sin (@ + a) S 
The moment about Q (defined positive in the counter 
clockwise sense) produced by the spring on the roller 
system we denote by 7’, which is given by 
M' = k-Ros x (FRsr L) 
= (F L)Ros:(Rer k) 
= (FC/L)[b cos ¢ — (a — A) sin ¢] 
= #(FC/L)V (a — A)? +8 


Thus in choosing between the two solutions for the 
roller system geometry, we see that, if a tension force in 
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the spring (i.e., F > 0) is to produce a counterclockwise 
moment at Q, we take the + sign in Eqs. (6) and (9) 
and the — sign in Eq. (5). The signs are reversed to 
obtain the other solution if tension in the spring is to 
produce a clockwise moment at Q. 


POINT OF CONTACT 


Disregarding friction, the cam normal at the point of 
contact P passes through the roller center B. Thus for 
equilibrium, the reaction force between the cam and the 
roller, F’, can be considered as applied at the roller cen- 
ter to produce counterclockwise moment —.J/’ about Q 
and —.\/ about O. 

Let Rpg = r(cos Wi + sin Wj), where VY denotes the 
polar angle for Rp,. 

Equating to —.\/’ the counterclockwise moment on 
the roller system produced around Q by F’, we obtain 


— = k-Rop X (F’Rpz/r) 

(F’ X Ros) 

= F’ (cos Wi + sin Wj]-[—vt + (uw — 
F’ cos W[—v + (u — A) tan ¥] 


II 


II 


Similarly, with regard to the moment on the cam 
produced around O by F’, 


—M = X (F'Rep/r) 
= (—F’/r)Rpp:(R X Roz) 
— F’ (cos Wi + sin Wj)-(—vt + w 
= F’ cos V(v — u tan W) 


Eliminating F’ 
tan WV 


from these equations, we solve for 


tan = + — Ad) (10) 


To determine the quadrant for ¥, we obtain the al; 


so 
braic sign for cos VW. Assuming that the roller is always 
pressed against the cam, then the reaction force F’ as 
used before will be positive. Taking the absolute value 
for both sides of our previous result, 


= F’ \cos |v — u tan V 
cos V Vutanv 
= 11 
cos V M\| tan — v 


The coordinates of P(é, n) in the (x, y) system are 
given by 


&=u-—recosV (12) 

n=v-—rsnvY (13) 

Then the coordinates of P(¢’, 7’) in the (x«’, y’) system 
are 

t’ = + nsindA 14 

= ncosd\ — EsinA (15) 


Eqs. (1) through (15) thus allow us to calculate points 
on the required cam contour, with \ acting as a parame- 
ter. A breakout discontinuity as shown in Fig. 2 will be 
taken into account by the formulas, and two points of 
contact are determined from the two values of .\/ cor- 
responding to the breakout point. 
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Nuclear Aircraft Shielding 


A. P. Fraas* 
Oak Ridge National Laboratory 


Types of radiation from nuclear reactors and their effects are 
discussed in relation to shielding materials and configurations 


for aircraft applications. 


HERE HAS BEEN much discussion of the possibility 
i installing nuclear power plants in aircraft. 
This would, of course, have the advantage of giving an 
unlimited range to the aircraft at the cost of introducing 


radiation problems with their consequent design 
limitations. It is implicit in the notion of a nuclear 


power plant for aircraft that the reactor shield weight 
must be reduced to a minimum. Because of the com- 
plexity of the subject, it is not the intention of this paper 
to present any spectacular new discoveries or any new 
elegant and sophisticated mathematical techniques. 
Rather, the aim is to present to the aeronautical engi- 
neer some of the basic concepts associated with the de- 
sign of shielding to limit radiation to tolerable levels for 
aircraft applications. 

The principal types of radiation associated with 
nuclear reactors are betas, gammas, and neutrons. 
Beta particles can be stopped by a few thousandths of 
an inch of solid material. High-energy (or hard) 
gammas, on the other hand, are very penetrating and 
may require many inches of lead. High-energy (or fast) 
neutrons are much more massive particles which, 
strangely enough, can be slowed down and stopped 
most effectively by the use of light materials. If we 
consider a typical fission type of reactor, we find that 
approximately 2',. fast neutrons and about a dozen 
hard gammas are released per fission. Since there are 
approximately 3 X 10" fissions/ watt, it follows that 
there are approximately 7 X 10" neutrons/sec. emitted 
per watt and approximately 3 X 10!'! gammas/sec. 
emitted per watt. Roughly two thirds of these neu- 
trons and gammas are absorbed in the reactor core; 
the balance escape into the shield. 

By themselves, these numbers seem meaningless. It 
appears in order to relate the commonly used measures 


of radiation intensity, the curie and the roentgen, to the 


Presented at the Advanced Techniques Session, National Sum- 
mer Meeting, IAS, Los Angeles, June 18-21, 1956, under the 
title ‘Aircraft Design Considerations Associated with Shielding 
for Aircraft Nuclear Power Plants” (IAS Preprint No. 644). 

* Principal Design Engineer. 
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A curie has 
been defined as being a source of radiation in which 
there are approximately 3 


number of gammas striking a given area. 


xX 10” disintegrations /sec. 
A roentgen is a measure of radiation dose. While it 
depends on the gamma energy (see Table 1), a roentgen 
can be considered as a radiation dose roughly equivalent 
to 2 X 10° gammas/cem.”. The damaging effects of 
neutrons and gammas are not the same, but a rough 
equivalence in damage to living tissue is given by 2.5 
X 10% fast neutrons/cm.*, and such a dose is defined as 
a rem, or a “roentgen equivalent man.” 
in Table 1, 


(As indicated 
slow neutrons are much less damaging.) 
The term man is used because, as will be indicated later, 
various types of living tissue differ in their sensitivity 
to neutrons and gammas. Organic compounds in 
general are one tenth as sensitive to neutrons relative 
to gammas as is living tissue. For this reason a 
“roentgen equivalent physical’ dose, or rep, is also used. 

We are often interested in dose rates rather than in- 
tegrated doses, so that radiation dose rates are ex- 
pressed in roentgens or rem per hour—e.g., 0.01 r/ hour 
or 0.01 rem/hour. Since the dose rates are usually 
small, milliroentgens or millirem are commonly used— 
e.g., 10 mr/hour or 10 mrem/hour. Similarly, the 
terms neutron flux and gamma flux are widely used to 
state the number of neutrons or gammas _ passing 
through a | sq.cm. area per sec. 


These concepts and units can best be related by con- 
sidering a particular case. Suppose that we have a 
very small reactor which is operating at a power of | 
watt. It will then be emitting approximately 1.0 X 
10" neutrons/sec. and 1.2 X 10!! gammas/sec. If we 
consider a hollow spherical shell 1 m. in radius with 
this little 1-watt reactor at its center, the radiation 
incident on each sq.cm. of that spherical surface will be 
the total radiation emitted from the reactor divided by 
the area of the sphere which is approximately 10° cm.’. 
Thus, the gamma radiation dose rate at the surface of 
the sphere with no shielding between the 1-watt reactor 
at the center and the spherical surface would be 
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= (gammas Sec.-watt)(sec. hour 
Gamma dose rate = = 
(gammas cm.--roentgen )(cm 


12 10" 3,600 
10 


= 2 r hour-watt 


Similarly, 
10° 3,600 


25 X 107 X 10° 
14 rem hour-watt 


Neutron dose rate = 


For many years, the strength of a radiation source 
has been expressed in terms of curies of radioactivity. 
A curie has been defined as a radiation source in which 
xX 10" disintegrations sec. 
While different radioactive materials differ in the in- 


there are approximately 3 
tensity of the radiation that they emit, it is evident 
that a l-curie source of hard gamma rays is roughly 
equivalent to a 1 /2-watt reactor in terms of the gamma 
shielding problem that it imposes. The above defini 
tions and concepts are presented in tabular form in 
Table 1. 
simplified set of approximations and that actually the 


It should be remembered that this is an over- 


energy of the particles emitted from a fission source is 
not uniform but varies. Both the gamma rays and the 
neutrons emitted in the fission process vary in energy 
over a fairly wide range, most of them being somewhere 
1/2 


having energies around | mev. 


between mev and 10 mev with the greater part 
Fig. 1 shows a curve 
of the energy distribution of the neutrons from a typical 
fission source. 

All of the above terms are meaningless unless they 
are related to the radiation damage that will be done by 
neutrons and gammas. Living tissue is more sensitive 
to radiation damage than any other material. Of the 
various forms of life, the higher forms seem to be more 
sensitive and the lower forms less sensitive to radiation 
That is, mammals are much more sensitive to radiation 
than bacteria, and the more complex molecules in mam 
than the 
the chromosomes and genes 


mals are more sensitive to radiation less 


complex molecules—e.g., 


I 
Definiti 
Curie Unit of radioactivity equal to 37 billion 
millicurie, me., is one thousandth of a curie, and the 
tions per sec. 
Mev Abbreviation for million electron volts. It is 


normally encountered nuclear radiations lie bet wee 
(Milliroentgen) is a measure of x- or gamma rac 
charge as a result of ionization in 1 cm. of dry 


Roentgen 


Rep (Millirep), the roentgen equivalent physical dose, 
organic material, one rep being the amount of radia 
cal purposes, one roentgen can be considered as eq 

Rem The roentgen equivalent dose for man is a mea 


on the type of tissue involved, the neutron energy, 


tion for a unit of dose. 
Amount of Radiation 


- Gammas/cm.? 


FER 


10") disintegrations per sec. and is represented by the symbol « 


unit of energy equal to 1.6 X 10 


ir at standard temperature and pressure. 
number of gammas per roentgen for each of severa 
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in mammals are especially sensitive. A question may 
arise as to sources of data on radiation damage. There 
is not a thoroughly complete picture of the deleterious 
We do 


use of 


effects of radiation on man for obvious reasons. 
obtained from the 
radiological exposures in medical work. 


have much data routine 
X-ray treat- 
ments for cancer and other malignancies have given us 
a considerable background of information on both the 
irradiated patients and the radiologists who have 
handled the equipment for the irradiation. Because 
of the variation in the sensitivity of individuals to radia- 
tion, a useful parameter is the radiation dose at which 
50 per cent of the subjects die as a result of radiation. 
This is called the LD-50 dose—i.e., the lethal dose for 
This LD-50 dose 


runs about 400 r, if the dose is given in a single, rela- 


50 per cent of the subjects exposed. 
tively short period of time. If the dose is spread out 
over a period of weeks or years, then a total dose, per- 
haps twice or three times as great, can be absorbed. 
Unfortunately, many deleterious effects of radiation 
appear after radiation dosages of much less than the 
LD-50 dose. 
eye cataracts, leukemia, sterility, genetic effects, and 


These effects include superficial burns, 


shortening of the normal life span. 

It has become clear that the total lifetime radiation 
dose for personnel ought not exceed 25 r for planned 
operations. The International Commission of Radio- 
logical Protection has set up standard laboratory radia- 
tion dose tolerances that are widely used. These per- 
mit an exposure of 350 mr, week for personnel working 
in areas involving radiation hazards. It is, of course, 
expected that personnel will not receive a 350-mr dose 
each week of their working careers but, rather, that 
only in a relatively small percentage of the working 
weeks of their lifetimes will they be exposed to so large 
a dose as the tolerance dose. This dose may be ac- 
cumulated in a very short period of time——say 5 min. 
or it may be accumulated over the course of the entire 
week’s work. Further, in the event of serious emergen- 
cies, it is considered that a dose of 25 r is a reasonable 


ABLE | 


ns of Basic Terms 


The 
microcurie, wc, is one thousandth of a millicurie, or 37,000 disintegra- 


ergs. The energies of most of the 


n 0.01 and 3.0 mev 
One roentgen produces one electrostatic unit of 
The table below shows the 


liation in a region 


| gamma energies. 

is a measure of both gamma and neutron radiation damage to 
tion required to deposit 93 ergs per gm. of animal tissue. For practi- 
ual to one rep 

sure of both gamma and neutron radiation dose. While it depends 
etc., the table below shows the amount of neutron or gamma radia- 


per Unit of Radiation Dose 


Neutrons/em.?- 


Energy, mev 5 1 0.5 0.1 5 0.5 0.1 
Roentgen 5.4 X 109 2x 1¢ 3.6 10 8 10° 

Rep 5.4 X 10° 2 X 10° 3.6 X 10 8 X 10° 2.8 .X1¢¢ 2.8 x 108 4x 105 1.05 X 10° 
Rem 5.4 X 10° 2 X 10° 3.6 X 10 Sx 2.8 X 10! 4X 10’ 1.05 X 10° 
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one to accept. Of course, it would be expected that 
the same personnel would not be exposed to these 
emergency doses more than once. 

It should be pointed out that, if radioactive material 
is ingested either through the lungs or through the di- 
gestive system, it may be deposited in certain key 
If this occurs, the 
radioactive material will continue to decay for the 
balance of the life of the subject and will expose him to 
quite substantial radiation dosages. 


organs or in the bone marrow. 


The famous case 
of radium poisoning among workers in a Newark watch 
factory in the 1920's gives an instance of this type of 
radiation poisoning. If it occurs, little or nothing can 
be done to alleviate the condition of the patients. 
For this reason, the concentration of radioactive dust 
in the air must be kept to a very low level, and, simi- 
larly, great precautions must be taken to ensure that 
personnel and clothing exposed to radioactive material 
be thoroughly cleaned so that there will be no con- 
tamination of the food or water of the personnel which 
would result in radioactive poisoning of their bodies. 

A very considerable amount of research work has 
been conducted in recent years on the radiation damage 
to organic materials. In general, the results of this 
work can be summarized by saying that the elastomers 
are the most sensitive of the common organic materials 
while plastics are somewhat less sensitive. Liquids are 
still less sensitive, and tarry materials are the least 
sensitive. In general the benzene ring compounds are 
the least affected by radiation. Also, the less complex 
molecules are less sensitive to radiation. In general, 
it can be said that the most sensitive organic compounds 
will show appreciable radiation damage after exposure 
to 10’ r while the least sensitive materials, such as 
tars, will withstand as much as 100 to 1,000 times as 
much irradiation. The damage takes several forms. 

Inorganic compounds and elements are in general 
quite insensitive to irradiation. While certain proper- 
tiesof some crystals and certain glasses are conspicuously 
sensitive to irradiation, for most purposes the effects of 
gamma or fast neutron irradiation ‘are not serious. 
Gamma irradiation ordinarily has little effect. Fast 
neutron irradiation causes dislocations of atoms in the 
crystal lattice which tend to harden (and embrittle) 
the material and increase its electrical resistivity. If 
the irradiation is carried out at temperatures sufficiently 
high to permit annealing, these effects are inconse- 
quential. The same can be said of ceramics although 
there are certain items that are quite sensitive to ir- 
radiation. Many glasses, for example, are very sensi- 
tive to irradiation and become opaque. 

A very important effect of irradiation by thermal 
neutrons is that many neutrons will be captured by 
atoms in the irradiated material and artificially radio- 
active material will be produced. While activation by 
gamma rays can also occur, the effect is trivial relative 
to that for neutrons. The consequences of neutron 
activation depend upon three important properties— 
the neutron-capture cross section of the particular 
material, the half life of the new isotopes produced by 
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the neutron captures, and the character and energy of 
the radiation emitted in the decay process. For 
example, if aluminum is exposed to slow neutrons, it 
has a low-capture cross section so that the number of 
captures tends to be small. More important, even 
where neutrons are captured in aluminum, the new 
radioactive atoms form decay with a short half life 
so that, in a relatively short time, the intensity of the 
radiation emitted from the aluminum is small. On 
the other hand, cobalt has a large-capture cross section 
so that it is very inclined to capture neutrons, and it 
decays with a very long half life. Asa result, materials 
containing cobalt become intensely radioactive in the 
course of exposure to a slow neutron flux, and their 
activity decays at a rate such that it drops in intensity 
only by a factor of two in 5'/2 years. 

In designing the shielding for any particular applica- 
tion, there are a number of points that must be kept in 
mind. The fast neutrons emitted from a reactor must 
be slowed down and, if possible, captured in a material 
which will not be rendered highly radioactive by the 
neutron captures. Further, if possible, the captures 
ought to be effected in a material which will not emit a 
hard-capture gamma. In general, most materials 
emit one or more gamma rays of from 3 to 10 mev at 
the instant a neutron is captured. Of all the elements, 
only two isotopes, B' and Li’, do not emit these hard- 
capture gamma rays. It is clear that there is little 
point in slowing down neutrons far out in a shield and 
then capturing them in a material which will be re- 
sponsible for the emission of a hard gamma ray that 
will be only less destructive than the fast neutron 
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TABLE 2 
Relaxation Lengths for Fast Neutrons and Gamma Ra 


Relaxation 
—Length (cm 
Density Fast Gam 
Material (g/cm. Neutrons Ra 
Water 1.0 ~10 3 
Graphite 1.62 ~ 9 19 
Beryllium 1.85 ~ 9 18 
Beryllium oxide 2.3 ~ 9 14 
Concrete 2.3 11 15 
Aluminum ~10 13 
Baryten concrete 3:6 8.0 
Iron concrete 4.3 6.3 8 
Iron 1.8 ~ 6 
2 


Lead l 


|? 


would have been and more difficult to shield. In 
general, neutrons can be slowed down most effectively 
by allowing them to strike light atoms such as hydrogen 
carbon, or beryllium. In the course of each impact 
the neutron imparts some of its energy to the light atom 
involved so that, after a number of collisions, it will be 
slowed down to thermal energies—i.e., it will move 
about in the crystal lattice with the velocity of a hy- 
drogen atom in a gas at the prevailing temperature 
Water is a particularly effective medium for slowing 
down neutrons because of its high hydrogen content 
and it is a very convenient medium with which to work 
Because of this, a fair number of reactors have been 
designed and built to operate in a large pool of water so 
that the water serves not only as a means of cooling 
the reactor and carrying off the heat but also as a means 
of shielding the radiation emanating from the reactor. 
It is very instructive to examine the curves of Fig. 2 
which give both the neutron and gamma radiation dose 
levels in the water shield of such a reactor at various 
distances from the surface of the reactor core. Note 
how rapidly the neutrons are attenuated by the water. 
Note, too, that the gamma flux is attenuated much less 
rapidly. Changes in slope of the attenuation curves 
for both neutrons and gammas occur because the lower 
energy photons and neutrons are removed much more 
rapidly than the high-energy radiation. 
the radiation spectrum changes with distance from the 


As a result, 


core and becomes progressively harder as one moves 
radially outward in the shield. 
mon in shield materials. 

The gamma radiation is attenuated by several proc- 
esses, all of which are different in mechanism from that 
of the neutron attenuation. Basically, the gamma flux 
is attenuated by interaction between the gammas and 
the electrons in the medium through which the radia- 
tion is passing. This means that the rate of gamma at- 
tenuation is essentially directly proportional to the 
density of the material employed as a shield. 
slab of a dense material such as lead is more effective 
on a volumetric basis than a slab of a light material such 
as water. However, the total mass of material required 
to effect the attenuation of a given beam of radiation is 
approximately independent of the type of material 
used, at least within a factor of two. In general, the 
more dense materials are a bit more effective on a 


This tendency is com- 


Thus, a 
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weight basis. In addition, they are likely to be more 
effective in that the source is usually a relatively smal] 
cylinder or sphere and the quantity or volume of shield- 
ing material required varies as the cube of the shield 
radius, so that the area of each incremental layer in- 
creases fairly rapidly with the shield thickness. Ip 
this way, a very marked weight advantage can be shown 
for a dense material such as lead as compared to a light 
material such as water in shielding sources of gamma 
radiation. 

A convenient means of expressing the effectiveness of 
a material for shielding purposes is to make use of its 
so-called ‘‘attenuation length.’’ This is the thickness 
of the material required to reduce the radiation dose by 
a factor of e—that is, 2.73. Thus, roughly 1 in. of 
lead or 10 in. of water will effect a reduction in gamma 
dose by a factor of e if slabs of these thicknesses are 
interposed between the radiation source and the de- 
tector. Table 2 presents data for a number of common 
materials that might be used for radiation shielding, 
Note that attenuation lengths are given for both 
neutrons and gammas and that the neutron and gamma 
energies given in the table are simply considered repre- 
sentative. Considerably more detailed information is 
available.! 

Each radiation source requiring a shield presents a 
different set of problems so that, in each instance, the 
shield must be tailored to the case in hand. If an ef- 
fort is made to minimize shield weight, factors such as 
configuration of the equipment required in the vicinity 
of the source of radiation, penetrations through the 
shield represented by instrument lines or ducts, and 
problems of thermal insulation, cooling, etc., must all 
Because of this, it is very dif- 
ficult to select any configuration that could be con- 
Probably the most instruc- 
tive thing to do would be to consider the Geneva reactor 


be accommodated. 
sidered as representative. 


and determine the shield weight required to achieve 
a given radiation dose level with a given reactor power 
output. Assume, for example, that the radiation dose 
level at the surface of the shield is to be kept to | 
r/hour and that the reactor power output is to be 1,000 
If this reactor were coupled to a thermo- 
dynamic cycle having an overall cycle efficiency of 


kw. of heat. 


25 per cent, the nuclear power plant would deliver ap- 
proximately 300 useful mechanical horsepower. Fig. 2 
can be used to obtain a solution for the shield thickness 
Since the 1,000-kw. reactor would oper- 
ate at a power level of 10° watts, the design radiation 
dose at the shield surface would be 10~* rem, hour-watt. 
From Fig. 2 it can be seen that this dose level would be 
obtained with a water shield thickness of 144 cm., or 
It can also be seen from Fig. 2 that the gamma 
dose for this shield thickness would be too high by a 
factor of 10. Since e-? = 10%, the thickness of lead 
required would be 9.2 attenuation lengths, or about 9? 


very simply. 


56.6 in. 


in. The shield weight can be estimated from these 
values. The reactor core can be considered as a 20- 
in.-diameter sphere surrounded by a shield 56.5 1. 


thick. (Note that Table 2 shows that, for fast neu- 
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—— GAMMA AND NEUTRON ATTENUATION BY WATER 
it | Data from ORNL Report No. 1891, "Attenuation by Water of 
Radiations from a Swimming Pool Type Reactor,” 
| F.C. Maienschein, et al., Sept. 1955. 
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trons, lead has essentially the same attenuation length 
as water.) The weight of the water would be 40,000 
lbs. The weight of the lead layer will depend on its 
location, which must be far enough away from the core 


surface so that the neutron flux will be low enough to 
inhibit the production of capture gammas in the lead. 
A crude estimate of the proper location would be mid- 
way between the core surface and the shield surface. 
This gives a lead shield weight of 55,000 Ibs. and a total 
shield weight of 95,000 Ibs. 

The use of a nuclear reactor in any type of aircraft 
will present many ground handling and maintenance 
problems. One of these will be that of afterheat and 
decay gamma radiation from the reactor after shut- 
down. It is possible to stop the fission reaction in a 
very short interval of time, but it is not possible in 
any way to affect the rate of decay of the fission prod- 
ucts left after extended operation at high power. The 
amount of this afterheat is best presented in terms of a 
percentage of full-power output. Of course, the greater 
the length of time at which a reactor is operated at full 
power the greater the amount of fission products that 
will have accumulated.* The amount of this afterheat 
is essentially independent of the type of reactor em- 
ployed, and provision for removing it must be made in 
the installation. 


In addition to the heat evolved from the fission prod- 
uct decay, there is also a very strong source of gamma 
radiation present in the fission products. -The magni- 
tude of this radiation source varies from roughly one 
third of the gamma radiation at full power to values 
much less after extended periods of cooling, the decay 
rate being essentially the same as that of the afterheat.* 
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Satellites 


In this, the dawn of an era which may become the age of space, man is experimenting with the magic 


his brain has wrought. 


INTRODUCTION 


HE ANNOUNCEMENT last year that the United 
elie was to establish an earth satellite in connec 
tion with the International Geophysical Year was a 
confirmation of the fact that the state of rocket develop 
ment has now advanced to the stage where the prospect 
of space flight passes from the realm of speculation into 
the realm of engineering. Let us consider some of the 
engineering aspects of the Vanguard project. 

The problem is to place a small satellite weighing 
approximately 20 Ibs. into an orbit around the earth.' 
To achieve this, we must impart to the satellite a veloc 
ity in the order of 25,000 ft. per sec. This is the veloc- 
ity at which the gravitational pull of the earth is bal 
anced by the centrifugal force on the satellite. To 
attain this velocity, we intend to use a three-stage 
rocket with a total take-off weight of about 22,000 Ibs. 
As announced, the overall dimensions of the launching 
vehicle are 72 ft. long and 45 in. wide. This rocket will 


Institute of 


Presented at the Eastern Regional 


Navigation, Baltimore, April 26, 1956. 


Meeting, 


* Group Engineer, Electronic Systems Section. 
The opinions expressed in this paper are those of the author 
and not necessarily those of The Glenn L. Martin Company 


Soon, he can expect to sprinkle the solar system with earth-made ornaments, bul 
this author sees ** something worth while” as another matter. 


Van, if seems, must continue to fight 
his way into the heavens. 


be powered by a 27,000-Ib. thrust engine and launched 
vertically from the Air Force Missile Test Center at 
Cape Canaveral in Florida. An artist’s conception of 
the launching is shown in Fig. 1. 

The 27,000-lb. thrust engine in the first stage of the 
rocket will burn liquid oxygen and kerosene for a period 
of more than 2 min. At the end of this period, the 
vehicle will be moving about 4,000 ft. per sec. at an 
When the first stage 
drops off, the smaller second-stage engine takes over the 


angle of 45 deg. to the horizontal. 


job of pushing the remainder of the rocket along a curv- 
ing trajectory up to a velocity of about 14,000 ft. per 
sec., which is reached at 130 miles altitude. The second 
stage of the rocket, which has exhausted its supply of 
propellants (nitric acid and hydrazine), will now coast 
up to the satellite injection altitude of 300 miles. The 
final boost of the satellite package into the orbit will be 
provided by the third-stage solid propellant rocket 
which separates from the second stage at this point. 
The second stage subsequently impacts several thou- 
At the end of third-stage burn- 
ing, the satellite proper is gently separated from the 
empty third-stage propellant bottle, and they both sail 
serenely on; two satellites for the price of one. 


sand miles down range. 
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AUXILIARY JETS TO ESTABLISH ROLL STABILITY 


The control of the rocket’s flight is achieved through 
the use of gimbaled engines which are tilted in pitch 
and yaw by hydraulic actuators. The control system 
or autopilot derives its information from an inertial 
reference system carried in the second stage of the rocket. 
All stages of the rocket are finless so that the engines 
also must provide for stabilization of the vehicle, as well 
as flight path corrections. Roll stability is accom- 
plished by auxiliary control jets. The desired orienta- 
tion of the second stage during the coasting flight is also 
maintained by the use of control jets. This stage, 
which acts as the launching platform for the third stage, 
must be properly oriented while the third stage is spun 
about its longitudinal axis prior to its launching. The 
third stage will then maintain its orientation parallel to 
the surface of the earth during burning. 

An important component of the satellite orbital 
velocity is the more than 1,000 ft. per sec. the vehicle 
picks up because of the earth’s rotational velocity at 
launch, provided, of course, the launch is in an easterly 
direction. The orbit, which results from all these ma- 
neuvers, is determined by the magnitude and direction of 
the satellite velocity at the end of third-stage burnout. 
Assuming that the altitude has been hit fairly close 
that is, within 10 or 20 miles—a velocity tolerance of 
about 1 per cent (or 250 out of 25,000 ft. per sec.) and 
an angular tolerance of about 2.5 deg. are required to 
keep the satellite within the specified altitude limits of 
200 and 1,400 miles. If the velocity is correct for a 
circular orbit, each degree of flight path error will cause 
the satellite to rise 75 miles and fall 75 miles at the 
highest and lowest point, respectively. If the flight 
path angle is correct, each 100 ft. per sec. velocity error 
will cause the orbit to rise or fall 70 miles, depending on 
whether the velocity is higher or lower than orbital 
velocity.” 


SPECIAL RADIO TRANSMITTER TO BE A TRACKING AID 


The satellite proper is currently thought of as a 
spherical body about 20 in. in diameter. It will be 
instrumented to carry out a program of scientific 
investigations which will not be discussed here.* In 
addition to its scientific instruments, the satellite will 
carry a special radio transmitter which will enable us to 
telemeter instrument readings and to track the satellite. 

Electronic tracking will be used to point telescopes 
toward the satellite path so that the more accurate 
optical methods can be used to determine the orbit.‘ 
Since the projection of the satellite’s path on the ground 
forms a wavy line extending from about 40 deg. North 
to 40 deg. South, a number of tracking stations will be 
used. These will form a chain of stations along the 
North and South American continents so that the satel- 
lite may be intercepted at least once on every passage 
around the earth. 

The average taxpayer will have a fair chance of 
observing the satellite in its orbit if he lives in Baltimore 
or points south. All the equipment required is a pair 
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of binoculars and some patience. The satellite should 
become visible if it is in the sunlight overhead while the 
observer is in the darkness of dusk or dawn. This 
condition will exist for only a few minutes. 


SATELLITE’S USEFULNESS DEPENDS ON A BATTERY 


Electrical power for the instrumentation will be sup- 
plied by a battery. The lifetime of this battery may 
well be the deciding factor in limiting the useful life of 
the satellite. The actual life of the satellite is deter- 
mined primarily by the residual drag at the altitude of 
the orbit. The density of the air at these altitudes is 
not well known. The current estimates of the density 
might be in error by a factor of ten. Some recent esti- 
mates show that we can expect a drop in altitude in the 
order of 1,000 ft. per day for a circular orbit at 300 
miles. At 200 miles, the drop will be 3 miles per day, 
while a circular orbit at 100 miles might result in a life 
of only a few revolutions.°® 

The motion of the satellite even without any drag will 
be complex. The irregular shape of the earth, and 
possibly also the irregular distribution of masses within 
it, will have a considerable influence on the orbit. Be- 
cause of the oblateness of the earth, the orbital plane 
will spin around about 7 deg. per day, and the elliptical 
orbit will also revolve within its own plane at a rate of 1 
or 2 deg. perday. The period of revolution of the satel- 
lite is also affected by initial conditions. Relative to 
the earth, the satellite will follow a somewhat sinusoidal 
curve as the earth revolves around its axis. During the 
90 min. or so it takes the satellite to complete a revolu- 
tion around the earth, a point on the earth’s equator 
will have moved about 1,400 miles relative to the orbit. 
Therefore, a satellite which passes directly overhead 
will, on the next pass around the earth, be seen near the 
horizon. 

At this point, it seems appropriate to turn to the 
things beyond the horizon, to the style trends in space 
ships. 


THE AGE OF BIGGER SATELLITES 


One might reasonably prophesy that after Vanguard 
we will have bigger and better unmanned satellites: 
bigger, or rather heavier, so that they can carry more 
elaborate instrumentation; better in the sense that the 
performance of the launching vehicle will allow us more 
flexibility in the choice of orbits. In the field of in- 
creased performance, one must also include the capa- 
bility to make corrections in the orbit by the use of 
auxiliary propulsion means after an orbit has been 
established. 

For these satellites of the relatively near future, a 
number of uses have been proposed in addition to that 
of being a space laboratory for scientific observation.® 
Practical usefulness, which means simply that the 
benefits are obvious even to a layman, includes such 
things as using the satellite as a weather observation 
station which peeks down upon the earth’s cloud cover 
with photocells or television cameras. Another useful 


46 AERONAUTICAL ENGINEER 


application might be as radio and television relay sta- 
tions, either of the passive type—.e., as a reflector—or 
of the active type with a transmitter in the satellite 
Quite obvious difficulties exist in this application. 

A reflecting passive satellite is extremely reliable 
simply because it has nothing to do except stay uy 
there. Unfortunately, if one hopes to get away with 
moderate, or even practical, amount of transmitted 
power, the satellite must be quite low, and a low satel 
lite does not stay in one place very long. A satellite at 
22,000 miles stays comparatively still, but the distance 
is so great that an active transmitter is required in the 
satellite which, in turn, cuts down reliability. In any 
event, we would have quite a severe controls problem if 
some definite antenna orientation is desired in the satel 
lite vehicle. 

A proposed satellite application is ASTRO, which 
stands for Artificial Satellite Time and _ Radio 
Orbits, an all-weather navigational aid of the future 
This satellite will carry a small atomic-powered radio 
transmitter. A navigator with a radio receiver can 
then determine his position on earth or in the sky by 
observing the doppler frequency from a triplet of these 
satellites and correlate his time of sighting with a special 
almanac made for the purpose. In view of the irregulari- 
ties of the satellite orbit mentioned before and the 
difficulties in making measurements to the required pre- 
cision, it is obvious that a good number of years will 
pass before we see the realization of these schemes 
Yet the space enthusiast will state that we are merely 
at the beginning of our anticipated conquest. How- 
ever, before we take off for outer space, it might be 
well to pause for a reconsideration of our current status. 


MANNED SPACE FLIGHT 


Project Vanguard represents the current state of 
development. We can send up a rocket to establish an 
artificial satellite around the earth without causing an 
undue drain on the country’s technical or economical 
resources. We can also send up a satellite ten times as 
heavy or ten times as far out without requiring any 
radical changes in the state of the art. However, when 
we start talking about interplanetary travel and 
manned space flight, even in an earth satellite, we 
reach beyond our present capabilities. 

Man, when considered as a functional machine, has 
two main advantages: that of being readily mass pro- 
duced by unskilled labor and that of being able to store 
and handle vast amounts of information in the small 
space of his brain. The price we pay for utilizing this 
fragile device is the creation of a highly complex and 
well-controlled environment in which it can operate in a 
satisfactory manner. Also, man is not generally 
expendable and therefore not available for unlimited 
experimentation. 

Even to propel a 175-lb. man into a Vanguard orbit, 
giving him 175 Ibs. of protective gear and 25 lbs. of 
instruments—i.e., a pay load of 375 Ibs.—would re- 
quire a gross take-off weight of 375,000 Ibs. if the Van- 
guard ratio of about 1,000 between take-off weight and 
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pay load applies. This is, needless to say, a rather big 
rocket, and even at that our space man would be some- 
what dismayed to find that after all that expenditure 
of energy and money he could not return to earth. 


THE ROCKET 


Interplanetary travel also requires large rockets. To 
escape from the earth, a velocity of 35,000 ft. per sec. is 
required, or about 1.4 times the velocity of the Van. 
guard satellite. Once this velocity is attained, one 
could, in principle, travel to any place in the universe if 
no other force intervenes. It has recently been esti- 
mated that a pay load of 100 lbs. could be put on the 
moon with a 150,000-lb. three-stage rocket.’ This 
pay load would hit the surface of the moon at 9,000 ft, 
per sec. and thus add to the already abundant supply of 
craters at this locality. If a braking action is desired 
during the descent to the moon, so that the impact is at 
essentially zero velocity, about 550 Ibs. of braking rocket 
and fuel are required. With this equipment added, the 
gross take-off weight of the launching rocket would be 
about 950,000 Ibs. Incidentally, the trip would take 
almost 3 days. 

This example points to the core of the problem. We 
can with our present technology reasonably expect to 
sprinkle our solar system with small inert masses, but 
to go beyond this and really do something worth while 
is an entirely different proposition, involving not only 
problems of rocket propulsion performance but also 
equally staggering problems of control, navigation, and 
communication. 

Let us now pose the question, ‘““What should the next 
step be after unmanned earth satellites?’’ The two 
possibilities are manned space flight and unmanned 
flights outside the earth’s influence (such as to the other 
planets). 

Unmanned and automatic flights are undoubtedly the 
easiest, the problem being primarily one of controlling 
the flight of the vehicle. These flights will at first be 
made with chemical-type rocket drives. Any other 
type probably will have to be assembled from a space 
platform revolving in an orbit around the earth. This 
assembly requires the presence of human beings there 
and can therefore be accomplished only after we learn 
to live in space. 


THE ROLE OF THE NAVIGATOR 


Most of the velocity needed to go anywhere must be 
acquired in one big burst so that the navigational prob- 
lem essentially becomes one of starting out in the right 
direction to begin with. This is indeed a peculiarity 
of ballistic rocket guidance. Once the velocity vector 
has attained the required magnitude and direction, the 
navigator’s job is presumably done and he can relax 
and serenely watch the worlds pass by. The accuracy 
requirements are, however, quite severe. In the case 
of the moon rocket, the direction must be right to 
within about 0.5 deg. The velocity magnitude must 
be correct to within about one tenth of 1 per cent, or 
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about 35 ft. per sec. out of a total velocity of 35,000 if it 
is to hit the moon at all. 

It is interesting to note that an intercontinental bal- 
listic missile, which has a range of about 5,000 miles, 
must have a cut-off velocity on the order of 22,000 ft. 
per sec. and rise to an altitude of about 700 miles. For 
such a missile, an error in cut-off velocity of 100 ft. per 
sec. will result in an impact error of about 100 miles. 
An error in flight path angle at cut-off of 1 deg. will 
result in an impact error of about 25 miles. 


For the moon rocket, one cannot rely entirely on the 
initial guidance but must have means available for 
exercising control along the flight path. These means 
of control could be chemical propellant rockets. These 
rockets are notoriously poor in their performance or 
specific impulse—i.e., the ratio of thrust to weight flow 
per second—because the velocity with which the rocket 
exhaust can be expelled is rather limited. One way of 
achieving better performance is by using nuclear energy 
to discharge streams of electrically charged particles at 
extremely high velocities in place of the chemical pro- 
pellants. These charged particles, or ions, although 
they are extremely light, can be discharged at such 
tremendous velocities that their momentum is far from 
negligible. Although the propulsive efficiency of these 
ion drives is many thousand times higher than that of 
chemical rockets, the total thrust available islow. The 
thrust from an ion drive might not give the space ship 
an acceleration of more than 0.001 to 0.01g. As we see 
it today, it would be impossible to use this thrust de- 
vice for take-off from the earth or any other planet or, 
for that matter, as a braking device when landing on a 
planet. However, once in free space one could use this 
small thrust to build up an increasing velocity over a 
long period of time. Such a ship would therefore be a 
valuable ferry for transfer between various orbits from 
which all descents would be made by “conventional” 
rockets and to which one would also ascend in a “‘con- 
ventional’? manner. Mid-course navigation and con- 
trol could be carried out by using the ion drive, al- 
though considerable care would have to be exercised. 
If, for example, the space ship is traveling along at a 
velocity of 35,000 ft. per sec., which is the minimum 
escape velocity from the earth, the turning radius with 
an available acceleration of only 0.01g would be more 
than 725,000 miles in free space. To come to a com- 
plete stop from this velocity would take almost 31 
hours, and the distance covered during this sudden stop 
would be about 360,000 miles. It is obvious, there- 
fore, that some sort of emergency power for maneuver- 
ing is needed. 


MINIMUM TURNING RADIUS 


Under emergency power the turn could be made 
much sharper. The limitation on the maximum turn- 
ing rate would be set by the human body’s ability to 
withstand accelerations. If we set a limit of 3g for a 
sustained turn, the minimum turning radius would be 
almost 2,500 miles, and the distance required to come 
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to a complete stop would be 1,200 miles. 

It is true, of course, that for interstellar travel the 
distance and time involved are so tremendous that 
units of days and thousands of miles do not seem large. 
One must, on the other hand, travel at tremendously 
higher speeds in order to get anywhere so that the 
difficulties in maneuvering are about the same. Re- 
gardless of the velocity with which one travels in space, 
the landing at the destination should be made with 
close to zero relative velocity. 

One added complication in interplanetary naviga- 
tion is that the destinations move around with con- 
siderable speed so that it is possible to become stranded 
in a celestial waiting room pending the arrival of the 
destination. 

Now let us briefly consider manned space travel. 
Man has actually almost traveled in empty space. The 
high-speed research rocket airplanes have almost been 
there, although their velocity falls far below the re- 
quired orbital velocity. It is not necessary though to 
travel at orbital velocity in order to stay up there. 
One can compensate for the lack of velocity by apply- 
ing a lifting thrust. At half the orbital velocity, the 
downward thrust should be about three fourths of the 
vehicle weight, and at 0.9 orbital velocity the required 
thrust is about 0.2 of the vehicle weight, and so on. 
This mode of operation, recently referred to as a satel- 
loid,’ will presumably enable one to perform fairly well 
controlled practice flights in space near the earth. 
The difficult problem of re-entry could therefore be 
studied and valuable experience obtained in handling 
the navigation of space ships, while the problems of 
human survival and protection could be explored 
gradually. 

Man’s travel in outer space is naturally hazardous. 
Nature, which has provided so liberally for man on this 
earth, appears to be bent upon destroying him if he 
departs in the natural state from his habitat. Or 
maybe we should say that after millions of years of 
struggle through all stages of evolution to adapt himself 
to the earth’s environment, man has suddenly found 
that he wants to go to a number of thoroughly undesir- 
able places. We can only wonder why. 
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Emphasis on the urgent need for 
a high-strength corrosion-resistant 
sleel for use in bomb-suspension 
equipment, in the light of the new 
requirements of modern aircraft. 


Aircraft Armament Equipment’ 


A Challenge to the Stainless Steel Industry 


R.E. Kemelhort 
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INTRODUCTION 


4‘ we PAPER is concerned primarily with the metal 
lurgical and material problems involved in the 
design, development, and manufacture of aircraft arma 
ment items. The hardware to be discussed is limited 
to the field of store launching devices. For the purpose 
of this paper, the term ‘“‘store’’ is defined as a bomb, 
rocket, guided missile, fuel tank, torpedo, or any other 
container or shape carried and released during flight by 
military aircraft. Emphasis is put on the problems 
encountered in the use of and the requirement for the 
so-called ‘‘stainless’’ family of steels. However, data 
are also presented concerning other materials used 
aircraft armament mechanisms. 


BACKGROUND 


During World War II, aircraft bombing systems and 
equipments received their first baptism under large 
It is generally known that 
dropping stores from military aircraft proved quite 
efficient if massive destruction and the modern term 


scale operating conditions. 


The over 
all picture indicated that well-designed and efficient 
systems and mechanisms were used. 


‘“‘retaliation’’ are used as the basic criteria. 


However, those 
of us who were involved in the design, development, and 
maintenance of these mechanisms had many uneasy and 
disturbing moments caused by the difficulties arising 
from poor field maintenance, faulty production meth 
ods, and lastly, and sometimes most important, the 
inadequacy of the materials used in the various com 
ponents of the aircraft bombing systems. 

After World War II, the speeds, altitude missions, 
and other characteristics of military aircraft have under 
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speeds, altitudes, tactics, and new types of stores neces- 
sitated a complete re-evaluation of aircraft bombing 
systems. The separation problem arose. Stores no 
longer dropped away from aircraft under 1g conditions, 
It was found necessary to impart a separation velocity 
to the store in order to keep the aircraft from getting 
“clobbered.”” The accuracy and reliability of the 
holding and releasing mechanisms became a greater fac- 
tor with the advent of the atomic age, which left very 
little or no margin for error. Guided missiles, rockets, 
high-speed fuel tanks, supersonic shapes, and all the 
other commonly known “Buck Rogers’’ devices have 
changed some of our thinking. It is necessary to 
reappraise what we now have, what we need to meet 
new requirements, and what our chances are of keeping 
pace with the rapid progress of aircraft during the jet 
age. In the design, development, and manufacturing 
of these devices, one basic problem has plagued us in the 
past and is still with us today. Basically, this problem 
concerns the use of high-strength, easily obtainable, 
corrosion-resistant, tough materials to be used in bomb 
systems and devices. This paper deals primarily with 
only one aspect of this material problem 
stainless steels. 


the use of 


SPECIFIC HARDWARE 


The first device to be discussed, which attempted to 
deal with the overall problem of strength, corrosion 
resistance, and reliability in bomb-dropping devices, 
was the Navy’s Mk. 35 bomb rack. Fig. 1 is a photo- 
graph of the device which has proved to be the ‘‘daddy”’ 
of the bomb racks used during World War II and those 
in existence at the present time. As can be seen in 
Fig. 1, the item utilizes two hooks for the carriage and 
release of the store. The item was actuated by a 
manual cable which rotated the three-holed sector 
shown on the top center of the rack. In the late 
thirties, an electrical solenoid was mounted on top of 
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the rack for remote-control actuation. The Mk. 35 is 
also of interest because the designer attempted for the 
first time to solve the newly arisen corrosion problem by 
the use of a stainless material. This entire bomb rack 
js made of monel. This metal, which contains approxi- 
mately 70 per cent nickel and 30 per cent copper, was 
considered at that time to have high strength, hardness, 
and good resistance to corrosion. By today’s standards, 
the characteristics of Monel are not as impressive. 
However, in 1935, the use of this material in a bomb- 
release device was quite an advance in the art. 

Fig. 2 is a photo of the Monel hooks used in this rack. 
These hooks had a hardness level of approximately 
Rockwell C-17 which provided an allowable fiber stress 
of approximately 110,000 psi. This hook had an ulti- 
mate tensile strength of 10,000 Ibs. The hook on the 
left of the figure shows the type of failure which occurs 
under this maximum load. 

Work done on the Mk. 35 rack began to point up the 
basic requirements for bomb suspension hooks— 
namely, (1) high hardness in areas mating with the store 
suspension lugs, (2) high level of corrosion resistance to 
avoid corrosion fatigue and stress risers, and (3) high 
impact and fatigue strength due to aircraft maneuvers 
and vibration. 

The Mk. 35 bomb rack weighed 18 Ibs. and was de- 
signed to carry a maximum store weight of 500 Ibs. 
The successor to the Mk. 35 rack was the Navy’s Mk. 
51, which was designed and developed during the 1939- 
to-1941 period. This rack was designed to carry a 
maximum load of 2,000 Ibs. and weighed approximately 
13 Ibs. The Mk. 51 uses 1/16-in. thick 18-8 stainless- 
steel metal side plates joined into a box-frame structure 
by means of spot welding and rivets. In order to 
obtain the basic hook requirements of high strength, 
hardness, and toughness, the use of Monel was aban- 
doned, and heat-treatable alloy steels were used. SAE 
1040, cadmium-plated, was the hook steel used and was 
later abandoned because of corrosion and lack of uni- 
formity of the material. The chrome-moly steels 
(SAE 4130), chrome-plated, were then incorporated in 
the design, and this type of hook was actually used in 
World War II. Itis interesting to note that the Mk. 51, 
which did not utilize stainless steels for high-strength 
members, was capable of carrying four times the load 
carried by the Mk. 35 and yet weighed 5 Ibs. less. It 
was apparent at that time that stainless steels were not 
available to meet the requirements for hook material. 
However, where strength was not a factor, the use of 
18-8 stainless steels proved quite acceptable. The 
main difficulty encountered with the use of 18-8 was 
basically in the technique of fabrication, which in turn 
reduced itself to a quality control problem caused by 
spot welding and riveting operations. The ultimate 
Strength of the hooks of the Mk. 51 rack, which are 
approximately of the same section as the old Mk. 35 
using Monel, is 25,000 lbs. Thus, the saving in weight, 
when compared on the basis of strength, was consider- 
able. Both the Mk. 35 and Mk. 51 racks were used on 
external-store carrying stations. 
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During the period in which the Navy developed the 
Mk. 51 rack, a parallel program was undertaken for the 
design, development, and manufacture of bomb shackles 
which were used principally in bomb bays during World 
War II in TBM, PB4Y, B-26, and B-29 type of aircraft. 
It was possible to design a much lighter mechanism 
than the two previous bomb racks discussed because of 
the nature of the bomb-bay installation whereby the 
loads were considerably lower and the method of 
mounting resulted in the loads being transmitted directly 
to the aircraft. Several shackles were produced during 
World War II utilizing 18-8 sheet-metal frames and 
stainless-steel linkages and components. 

Fig. 3 is the Navy’s Mk. 8 shackle which went into 
production near the end of 1944. This item weighed 7 
Ibs. and was capable of carrying and releasing 2,000 Ib. 
stores. This shackle is of particular interest because an 
attempt was made to use type 416 stainless steel as the 
basic hook material. This was done to avoid what was 
then becoming an apparent problem in the use of chrome 
plating on bomb-rack hooks. Reduction of fatigue 
strength, the problem of hydrogen embrittlement, and 
the stress-concentration factor in the use of chrome 
plating first became apparent at the time, and thus the 
designers of the Mk. 8 shackle tried to avoid chrome 
plating by the utilization of a heat-treatable stainless 
steel. This attempt proved to be somewhat disastrous 
in that the type 416 stainless-steel hooks had an ex- 
tremely high rate of corrosion, tended to work-harden, 
and were subject to frequent fatigue failures during serv- 
ice use. In order to avoid the corrosion problem, it 
was actually found necessary to chrome-plate this stain- 
less material. The use of the 416 material was changed 
to the chrome-moly steels with chrome plating as the 
means of providing corrosion resistance, good bearing, 
and high-hardness characteristics. After this sad 
experience with 416 stainless for hooks, most bomb-rack 
designers abandoned the use of any of the martensitic, 
hardenable chrome steels for this application. 

After World War II, the requirements for suspension 
devices changed radically, and several developments 
were undertaken for higher strength and reliable sus- 
pension and ejection devices. The following are data 
describing various racks and ejectors manufactured by 
the McLean Development Laboratories. These data 
again point up the urgency for the development of high- 
strength, stainless materials to meet the requirements 
for modern store suspension devices. 

Fig. 4 is a photograph showing the parts breakdown 
of the Aero 65A, 14-in. bomb rack developed for the 
Bureau of Aeronautics, which is now being produced in 
quantity in our plant. The parts of interest in this 
rack are as follows: 

(1) Frame—SAE 4140 chrome-moly steel bent into a 
U section, heat-treated to Rockwell C-39 to 42. No 
rivets or spot welding are used. 

(2) Tie links—made of 18-8 stainless; latches—type 
431 stainless steel heat-treated to 39 to 44 Rockwell. 

(3) Hook pivot and other pins—type 431 stainless 
steel, Rockwell C-39 to 44. 
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Navy's Mk. 35 bomb rack 


Navy’s Mk. 8 shackle 


Aero 65A bomb rack—exploded view. 


Fic. 5. Aero 22A ejector rack—assembl) 


Fic. 6. Aero 23A store ejector—assembly. 
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Fic. 7. Aero 65A hook—strength data. 
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(4) Latching pawl—beryllium copper for high 
strength, bearing, and corrosion-resistant properties. 

(5) Electrical-release mounting strips—18-S8 stain- 
less-steel sheet. 

Fig. (4) illustrates some of the highlights in the use of 
materials required for today’s suspension device. The 
elimination of 18-8 side frames because of the fabrication 
difficulties and the higher strength requirements 
should be specifically noted. 

Fig. 5 is a photograph showing the components of the 
Aero 22A ejector rack developed for Grumman’s F9F-8 
aircraft. This McLean device is also in mass produc- 
tion and represents the most modern explosive bomb 
ejector now in service use. Referring to Fig. 5, the 
jollowing component parts are manufactured of some 
form of stainless material. (Numbers refer to those in 
photograph. ) 

(1) Piston—type 431 stainless. * 

(2) Toggle pivot pin—type 431 stainless.* 

(3) Connecting rod bushings—18-8 stainless and 416 
stainless. * 

(4) Yoke—type 431 stainless. * 

(5) Safety pin—type 431 stainless. * 

(6) Hook wiper plates—type 431 stainless.* 

(7) Hook pivot pins—type 431 stainless. * 

(8) Cartridge ignition caps—type 431 stainless. * 

(9) Latch pin—type 431 stainless. * 

(10) Swaybrace adjusting nut—type 431 stainless. * 

(11) Shock absorber sleeve—18-8 stainless tubing, 
1/4 hard. 

(12) Toggle kicker plate—type 431 stainless. * 
(13) Ejector arm bushing—type 431 stainless. * 

It is apparent from the above breakdown that every 
attempt was made to use stainless materials in this de- 
sign in order to avoid the many problems encountered 
when cadmium or chrome plating is used on highly 
stressed and moving parts. It should be noted that, on 
the highly stressed components such as the store sus- 
pension hooks, sway-brace posts, and crank arm, it was 
necessary to continue the use of chrome-moly steels 
with protective coatings of either cadmium or chrome 
and various paints. 

Fig. 6 is a photograph of the Aero 23A store ejector 
now receiving Navy qualification tests. Here is a ver- 
tical type of ejector which makes extensive use of heat- 
treatable stainless steels. The following components 
are of interest. 

(1) Ignition cap—type 431 stainless. * 

(2) Secondary piston—type 431 stainless. * 

(3) Primary ejection sleeve—type 431 stainless.* 

(4) Secondary ejection piston—type 431 stainless, * 
changed to 4140, chrome-plated, during testing phase. 

(5) Cylinder caps—type 431 stainless, changed to 
beryllium copper during testing phase. 

One point of interest in the use of type 431 stainless in 
this application is that it was found necessary to 
chrome-plate various portions of the sliding members in 
order to avoid galling problems encountered in the use 
of stainless materials on sliding surfaces. 


*Heat Treat: 175,000 psi min. (Rockwell C-39 to 44). 


PROBLEMS ENCOUNTERED IN USING STAINLESS STEEL 


We have extensively used type 431 stainless steel in 
the Aero 22A, Aero 23A, and Aero 65A store suspension 
devices. This was done after considerable investiga- 
tion of 17-4-PH, type 410, and type 416 stainless ma- 
terials. Our study resulted in the use of type 431 to 
obtain high strength and the best corrosion-resistant 
characteristics. However, the use of this material has 
not been completely satisfactory. The following are 
some of the existing problems: 


(1) Procurement of 431 in small quantities for proto- 
type development has always been a problem. 

(2) It has been difficult to obtain the material in pro- 
duction quantities. 

(3) Response to heat treatment for Class HT-175, 
has been very erratic. Specification MIL-S-18732 
calls for a minimum ultimate tensile strength of 
175,000 psi. We originally called for a hardness of 
Rockwell C-58 to 41 to correspond to this condition. 
All parts manufactured from bar stock for prototype 
passed this requirement. On production parts made 
from both bar stock and forgings, numerous pieces have 
come in as high as C-45 to 47, even after a 3-hour 
temper at 690°F. Detailed study of 431 indicated that 
C-39 to 44 should be the heat-treat callout for this 
material and the tempering temperature should be 
600°F. However, tests of one item by bending to 
failure indicated a satisfactory outer fiber elongation of 
14 per cent at a hardness of Rockwell C-47. We are 
reluctant to specify C-39 to 47 on our drawings since 
this could allow parts to be received and accepted in an 
“as quenched”’ condition. 

(4) Obtaining 431 in a “‘free ferrite’ condition. 


Still encountered on production items in our plant 
are the following questions concerning type 431 stainless 
steel. (1) What is the proper austenitizing procedure 
to be used in order to obtain consistent results? (2) 
What is the optimum tempering temperature to obtain 
consistent results? (3) What are proper inspection 
procedures to control quality during the processing of 
this material? 

As stated above, it has been necessary for Material 
Review Board action to require destruction of costly 
finished machined parts in order to obtain ductility and 
fatigue characteristics of large quantities of parts which 
are either slightly above or slightly below the hardness 
callouts on the detail drawings. This additional work 
and lack of consistency has caused serious production 
slowdowns from time to time. 

The above discussion outlines some of the production 
problems in the use of generally available stainless 
steels. However, we have not as yet touched upon a 
fundamental requirement, which is the finding of a 
satisfactory stainless material for store suspension 
hooks. This is perhaps the most urgent need of de- 
signers and manufacturers in our field. The use of 4140 
steel, chrome-plated, while doing a satisfactory job at 
the present time, leaves much to be desired. In order 
to point up some of the basic design problems in the 
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DIRECTION OF GRAIN 


Fic. 8. Sketch of hook A showing variation of surface hard 


ness, direction of grain, and location of microspecimen (Rockwell 


“C”’ readings in circles) 


development of a store suspension hook, the following 
data are presented to acquaint the metallurgist with the 
characteristics of one of the most modern hooks—the 
hook now installed in the Navy’s Aero 65A bomb rack 
shown in Fig. 4. 

Fig. 7 is a structural drawing of this hook. Sections 
A, B, and C shown are the critical sections from the point 
of view of bending, tension, and shear strength. ost 
hooks in production at the present time and in the near 
future will have similar characteristics. It should be 
noted that the first hook specimen of this type which 
was tested failed at 32,000 Ibs. through section A. By 
slightly increasing the radius of the throat in section A, 
it was possible to change the location of the weakness to 
section C and to increase the failing load approximately 
2,000 Ibs. This hook was actually designed to fail at 
30,000 Ibs. The fact that the item failed at 34,000 lbs 
is attributed to load application shifting from point P to 
point S as the hook distorted under increasing load, thus 
decreasing the moment. In addition to the tensile 
characteristics shown in Fig. 7, work was done on this 
hook to determine fatigue characteristics. Two hooks 
were tested on a Sonntag fatigue tester which applied a 


positive load of approximately 2,000 to 8,000 Ibs. at 
1,800 cycles per min. 

Hook A shown in Fig. § failed at very low fatigue 
life at 55,000 cycles. 

Hook B shown in Fig. 9 could not be failed at all 
under the same fatigue test, and it was found necessary 
to terminate the test when a million cycles had been 
reached. Hook B was then taken to destruction in a 
Tinius Olsen machine and broke under a straight-down 
tensile load of 34,000 Ibs., which basically showed that 
the hook was nowhere near failing in fatigue, even after | 
million cycles. It should be pointed out that both Hook 
A and Hook B (Fig. 9) were manufactured from bar 
stock which imposed a grain problem which is not as 
great a factor normally when forgings are used. Hook 
A failed in line with the direction of the grain. Hook 
B, which did not fail, had a grain flow which was 10° off 
the plane of maximum stress. This is pointed out to 
illustrate the sensitivity of these hooks under tensile and 
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Fic. 9. Sketch of hook B showing variation of surface hardness. 
direction of grain, and location of microspecimen (Rockwell “C 
readings in circles 


fatig 
prop 
pone 


mac 
exist 
proc 
Oth 
non! 
tion: 
nece 


Si 
up t 
clus' 
abot 
desi; 
is he 
ing | 
mat 
witt 

( 
psi 
(Yie 

( 
surf 

( 
fatis 

( 
high 

for 


\ 
| 
| 
/O | 
| | | 
/ | 
/ Hook B \ 
| 
| 
a | 


bs. at 


atigue 


at all 
essary 
1 been 
nina 
-down 
d that 
after | 
1 Hook 
bar 
not as 
Hook 
Hook 
10° off 
out to 
ile and 


hardness 


well “C 


AIRCRAFT ARMAMENT EQUIPMENT oo 


fatigue conditions which again shows the importance of 
proper processing and choice of materials for this com- 
Any stress riser, whether it is in the form of 
machine tool marks or cracks in chrome plating or of the 
existence of hydrogen embrittlement due to plating 
processes, can ruin a perfectly good hook design. 
Other factors such as variation in hardness levels and 
nonmetallic inclusions in the basic material are addi- 
tional factors that affect the 100 per cent reliability 
necessary for a store suspension hook. 


pe ynent. 


CONCLUSIONS 


Since this paper is being presented primarily to point 
up the problems and usage of stainless steels, the con- 
clusions that the writer would like to make are centered 
about this type of material with little emphasis on other 
design problems in the equipment described above. It 
is hoped that the reader is left with a clear understand- 
ing that there is an immediate need for a stainless-steel 
material which can be used for hook type of components 
with the following characteristics: 

(1) Strength: Ultimate tensile strength = 200,000 
psi min. Yield tensile strength = 160,000 psi min. 
(Yield strength is normally more critical.) 

(2) Hardness: Rockwell C-45 min. on lug bearing 
surface to prevent brinelling and galling. 

(3) High toughness for both static and dynamic 
fatigue. 

(4) Static creep endurance limit (ability to sustain a 
high static load indefinitely): 150,000 psi minimum. 

(5) Sufficient corrosion resistance to obviate the need 
for additional coatings or platings. 


(6) Avoidance of problems now encountered in stain- 
less steel, such as intergranular corrosion, atmospheric 
corrosion, and pitting. 


(7) Consistency of materials during heat-treating and 
general processing, which is required to avoid produc- 
tion slowdowns and situations on each batch of parts 
processed at different times in the same manner, yet 
resulting in seriously different characteristics. 

(S) Ease of machining. 

(9) Meeting the high skin-temperature require- 
ments for supersonic flight. 

(10) The large range of temperature characteris- 
tics from —70°F. to high-speed temperature of 300 to 
500°F. during which the properties of the material are 
to remain fairly consistent. 

(11) The availability of the material in small quanti- 
ties for development work and larger quantities for pro- 
duction runs. This points up the use of critical ma- 
terials which may not be available during a national 
emergency. 

The above requirements are a serious challenge to the 
stainless-steel industry and are not beyond the realm of 
accomplishment. Unless we are missing a bet, our 
engineering staff knows of no stainless material that 
meets all of the above requirements. However, there 
are several steels which are rather close to accomplishing 
most of the points listed. It is believed that concentra- 
tion of the industry on this problem can readily result 
in a quick and acceptable solution, a solution which is 
urgently needed to meet the present and future require- 
ments of our armed forces. 


Member Nonmember 
Price Price 
1952, 1951, 1950, 1949, 1948, 1947 (each)...........2 eee 2.00 3.00* 
Proceedings of the Second Turbine-Powered Air Transportation Meeting (1955)................00- 3.50 6.00* 
Proceedings of the First Turbine-Powered Air Transportation Meeting ees 3.50 6.00* 
1954 and 1953 National Telemetering Conference Record (each) 2.00 2.00* 
Fifth International Aeronautical Conference 15.00 20.00* 
Second International Aeronautical Conference 5.00 5 00* 
First and Second Convertible Aircraft Congress Proceedings 3.00 5.00* 
Nineteenth Wright Brothers Lecture—Some Structural and Aeroelastic Considerations of High-Speed 
Flight, R. L. Bisplinghoff (Reprinted from the April, 1956, JOURNAL OF THE AERONAUTICAL 
Index to Books on Selected Technical Subjects in the IAS Library (up to 1950), unbound.......... 2.00 2.00* 
“Fifty Years of Flight"—A Chronicle of the Aviation Industry in America, 1903-1953, Welman A. 
Shrader (Published by Eaton Manufacturing Company. Reprinting and Distribution Rights Granted to 
*Add $1.00 for orders outside the U.S.A. 
These may be obtained by writing to: Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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for one shell diameter-to-wall thickness ralio. 


1 fest program is described: Thin-walled shells were buckled by the axial 
impact of high-velocity masses. The mode of buckling failure in the 
dynamic case was significantly different from that in static tests. An 
empirical relationship for energy absorbed vs. impact velocity was found 


Dynamic Buckling Tests of Aluminum Shells’ 


SYMBOLS 


D = shell diameter 
E = material elastic modulus 
E.A. = energy absorbed 
E.Av. = energy available 
M = impacting mass 
Vi = impact velocity 
a = velocity of sound in material (= VE p 
b = axial length of shell specimen 
m = specimen mass 
t = shell wall thickness 
d = half wave length of shell wrinkle 
p = material mass density 
o = theoretical longitudinal impact stress 
“ae = static test critical stress 
Subscripts 


DYN = dynamic 
STAT = static 


INTRODUCTION 


HE PROBLEM OF THE complete dynamic collapse of 
inna members is of concern in investigations 
of the crash impact of vehicles. Of primary interest to 
the analyst are the magnitudes of peak loads (and hence, 
accelerations) developed, the character of the load- 
deformation relationship, and the energy absorbed by 
the member during deformation. 

In one phase of a program of research into this prob- 
lem, the dynamic collapse of aluminum shells was 
studied. As described herein, thin-walled, unstiffened 
aluminum shells were dynamically collapsed by the 
axial impact of a high-velocity mass. Axial compres 
sion was selected as representative of one of the major 
actions in survivable airplane crashes. The thin-walled 


* The work described was performed by the author while 
Purdue University. The author wishes to express his gratitud 
to Prof. E. F. Bruhn of the Purdue University School of Aero 
nautical Engineering, under whose direction the test jig was 
erected and whose counsel in the conduct of the test program 
was invaluable. The work described herein was sponsored by th 
U.S. Navy, Office of Naval Research, under contract N7 onr 
39416. 

Dynamics Engineer. 


Fic. 1. 


Alfred F. SchmittT 


Ryan Aeronautical Company 


A shell specimen positioned under the test jig. The drop- 


ping capsule is seen in contact with the upper bulkhead 


Fic. 2. 
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A shell specimen immediately following a dynamic test. 
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Fic. 3. Shell specimens as seen before and after testing. 


shell was chosen as a basic element of contemporary air- 
craft structural practice. 


DESCRIPTION OF APPARATUS AND METHOD OF TEST 


The test jig consisted of a 6-in. (nominal) steel guide 
tube, 21 ft. long, mounted vertically, with the lower 
end about 5 ft. above the laboratory floor. A steel 
frame and guy wires supported the tube, while a wooden 
framework was positioned for convenience in servicing. 
Either of two 5-in. diameter dropping capsules could be 
raised inside the guide tube to a predetermined drop 
height by means of a chain hoist centered over the top. 
Dropping capsule masses could be varied from 44 to 320 
lbs. by the introduction of lead weights within the 
capsule. The maximum free fall impact velocity 
achieved was 371 in. per sec. A pneumatic boost sys- 
tem was also installed, by means of which impact veloci- 
ties of 500 in. per sec. were achieved with a 200-lb. 
capsule. 

Fig. | shows a specimen centered under the tube in 
test position. The ends of the cylinder were closed and 
supported by heavy steel bulkheads. The dropping 
capsule is seen in contact with the upper bulkhead 
exactly the position which occurred in the dynamic test 
at the instant of impact. 
is shown in Fig. 2. 

All test specimens were 24ST Alclad aluminum and 
were fabricated by rolling two sheets, each the size of 
a half evlinder, and joining them by riveting two lapped 
seams on diametrically opposite sides of the shell. Fig. 
3isa ‘before and after’’ picture of the several shell types 
tested. 


The position following a test 


In the test program, slow “‘static’’ loadings were made 
on each size of specimen in a hydraulic testing machine 
while axial load vs. deformation was being recorded. 
Loading was continued through an axial travel nearly 
equal to the geometric length of the shell. A distortion 
of about SO per cent of the geometric length was found 
to be the maximum “‘useful length’’ with the type of 
specimen mount employed; beyond this useful length 
the crushed material compacted together (bottomed), 
resulting in a “block compression’’ with subsequent 
high loads. The energy absorbed in such a test was 
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computed as the integral of the load-deformation plot. 
Fig. 4 is a static test sequence photo. 

In the dynamic tests, impact velocities were varied 
by using different drop heights and by the use of the 
pneumatic boost for highest velocities. 


Dropping cap- 
sule masses were also varied. 


In several series of tests 
(D, E, Fin Table 1), the mass was adjusted before each 
drop so that the energy acquired by the capsule prior 
to impact was approximately equal to the energy 
absorptive capacity of the specimen (as determined by 
trial). In another test series (G), the capsule mass was 
held constant while impact velocity alone was varied. 

A tripod load cell arrangement may be seen under 
the specimen in Figs. 1 and 2. Unfortunately, load sig- 
nals obtained from these load cells were judged to be 
unreliable because of the dynamic response of the 
(relatively) flexible cells employed. Consequently, no 
data on dynamic loads are reported herein. 

Dynamic energies absorbed by the specimen were 
computed from the changes in kinetic and potential 
energies of the dropping capsule in moving from a posi- 
tion just before impact (Fig. 1) to a position just prior 
to bottoming (roughly, the position of Fig. 2). Capsule 
velocities were obtained from a Fastax camera record 
showing the motion of a scale, fastened to-the capsule, 
past a fixed hairline. 

Another high-speed camera was employed to view the 
overall test action, giving a record of the mode of 
failure. Fig. 5 is a portion of a sequence of such pic- 
tures. 

Additional details as to facilities and techniques are 
to be found in reference 1 and in the progress reports to 
the sponsoring agency. 


Fic. 4. 


A sequence of photographs of a static test. 
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ABLE | 
Shell Test Results and Other Data 
l 2 3 “ 5 6 7 8 9 
Ref. Test No. Impact Mass, Ibs. Impact Vel., ips p— Energy Absorbed ———\ M E.A. Dyn Energy Avail. £.A. Dyn 
Dyn.,in. Ibs. Static,in. Ibs. m Stat. in. lbs. Av 

Series D, Dia. 1", Length = 11", t= .020" 
16 340 216 17, 500 5, 500 448 iis 22,700 77 
15 278.5 312 28, 000 5, 500 366 1.8 38, 400 73 
36 220 310 20, 000 5, 500 290 1.3 29, 200 68 
17 190 371 27, 000 5,500 250 ie 35, 400 76 

Series E, Dia. , Length =11", t =.016" 
37 220 209 12, 600 1,100 361 1.13 14, 200 . 86 
38 160 274 12, 900 , 100 262 1.16 19,700 66 
39 101.0 333 11, 400 1, 100 166 1.04 16, 200 .70 

Series F, Dia. , Length = 5.5", t =.020" 
35 220 208 12, 000 9,170 733 1.3 14, 300 . 84 
34 130 291 9,400 7,170 433 1.0 15, 100 62 
45 160 275 14, 000 9,170 533 Je: 19, 900 70 
33 130 316 14, 000 9,170 433 5 21, 800 64 

Series G, Dia. 1", Length = 11", =.016" 
60 220 277 14, 000 , 100 361 1.3 24, 200 58 
50 220 295 16,700 1,100 361 1 27, 300 . 6] 
62 220 338 13, 000 1, 100 361 i. 35, 200 oF 
51 220 358 18, 000 1, 100 361] 1.6 39, 300 46 
55 220 361 17, 000 1, 100 361 39, 900 43 
59 220 365 11, 000 1, 100 361 1.4 40, 700 oF 
54 220 446 20, 000 , 100 361 1.8 59, 900 a 
64 220 476 18, 000 11, 100 361 1.6 67, 900 . 26 
56 220 482 23, 000 1, 100 36] 2.1 69, 700 32 
63 220 497 21,000 , 100 361 Pg 73, 900 . 28 

EA /EA 
2 
Vi/o 
Fic. 6. Energy absorbed vs. impact velocity for 24ST alu- 


minum shells, D/t = 600; energy reduced by use of static energy 
absorbed 


4 5 6 8 
Fic. 5. A sequence of enlargements from a Fastax camera Aiea eee 

record taken during a dynamic test. These pictures do not rey 

resent successive frames from the film but rather were selected Fic. 7. Energy absorbed vs. impact velocity for 24ST aluminum 

at regular intervals. shells, D/t = 600; energy reduced by use of energy available. 
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DYNAMIC BUCKLING TESTS OF ALUMINUM SHELLS 5 


TABLE 2 
Shell Wrinkle Wave Lengths as Approximated from Fastax Film 
Records 
d/t Ger 
209 1.0 (static test) 
126 2.5 
115 4.5 
103 
62 6.3 
RESULTS 


Table 1 presents the results of dynamic and static 
tests on 26 aluminum shell specimens. 
headings are explained as follows: 

Impact Mass—The mass of the dropping capsule plus 
that of the upper steel bulkhead (20 lbs.). 

Impact Velocity—The velocity of dropping capsule 
plus upper bulkhead, assuming an inelastic impact 
occurred between these masses. 

Dynamic Energy Absorbed (E.A.pyn)—Energy ex- 
tracted from the impact mass in distorting the specimen 
80 per cent of its geometric length. 

Static Energy Absorbed (E.A.sr4r)—Energy absorbed 
by static test specimens in a hydraulic testing machine; 
distortion of SO per cent of geometric length. 

\/m—The ratio of impacting mass to specimen mass. 

Energy Available (E.Av.)-—The kinetic energy of the 
capsule and upper bulkhead combination at time of 
impact plus the gravitational potential of these masses 
above the SO per cent distortion position. 


The column 


ANALYSIS AND DISCUSSION 


The most notable feature of the test results is the 
greater energy absorbed in the dynamic buckling of the 
shells as compared with the slow ‘‘static’’ loading. 
Table 1 shows this ratio to be greater than unity in all 
cases. 

To understand the reasons for the variation with 
velocity of energy absorbed, a study was made of the 
high-speed movies showing the overall buckling action. 
Two important differences between dynamic and static 
tests were observed: 

(1) In the dynamic tests, an initial wrinkle pattern 
developed almost instantaneously upon impact.* This 
pattern was general over the shell, unlike that formed in 
static tests wherein the wrinkles concentrated away 
from the supported ends (cf. Figs. 4 and 5). More 
importantly, the wave length of the wrinkle decreased 
with increasing impact velocity (and hence impact 
stress) as shown in Table 2. 

(2) Collapse progressed not so much from a general 
growth of the initial wrinkle pattern as from a local 
deepening of the wrinkles and an intense crippling 
action occurring adjacent to the moving bulkhead. 
This action is to be seen in Fig. 5. 


*“Tnstantaneously” is used here in contrast to a period of the 


order of milliseconds observed in tests on columns.! The velocity 


of travel of the first longitudinal loading wave down the shell is, 
of course, finite. 


Final failure of the shell proceeded through a complex 
interaction of the two wrinkle systems discussed above. 
It is apparent that, the greater the degree of bending 
and twisting of the shell walls, the more work must be 
done in collapsing the specimen. If, therefore, one 
hypothesizes that a finer, more general initial wrinkle 
pattern will subsequently lead to a greater degree of 
bending and twisting during collapse, a primary reason 
for the increase in energy absorbed with impact velocity 
is established. 

To explain the localizing of progressive crippling 
against the moving bulkhead, appeal may be made to 
the classical argument of the effect of end restraint. It 
is known that the effect of lateral restraint upon the 
ends of a cylinder in compression is to intensify the 
lateral deflections at the ends, so that (in the case of 
symmetrical crippling failure) failure actually appears 
to proceed from the ends (reference 2, p. 442). 

Now for a slow, ‘‘static’’ loading, there would appear 
to be no reason for this crippling action to show a 
preference for one end of the cylinder, except for a pos- 
sible difference in the degree of constraint. In the dy- 
namic tests, this latter possibility was eliminated by 
several interchanges of the bulkheads, the crippling 
invariably occurring adjacent to the moving end. 

Consider the instant in the dynamic test at which the 
complete cylinder has experienced the primary insta- 
bility failure (‘‘diamond”’ pattern). The wrinkles are 
well developed, and the net axial load is relatively uni- 
form throughout the shell—the condition might corre- 
spond to the third frame of Fig. 5. The upper bulkhead 
now continues to advance. Intelligence of this action 
takes the form of a load increment which is carried 
ahead of the moving bulkhead by flexural waves, deep- 
ening the existing wrinkles. The velocity of the incre- 
mental load would be low, inasmuch as the net axial 
load exceeds the critical load, transverse deflections are 
large, and elastic failure of some of the material either 
has occurred or is imminent. Thus, the deepening of 
the wrinkles and the intense local crippling would not 
precede the moving bulkhead by far. In particular, the 
“tightness” of this local crippling against the moving 
bulkhead should be more pronounced for the higher 
impact velocities. This last conclusion was confirmed 
by examination of high-speed movies of the tests. 

Following a dimensional analysis of the dynamic shell 
buckling problem, an attempt was made to reduce the 
dynamic energy absorbed data of Table 1 using the 
dimensionless ratios E.A.pyn/E.A.srar, M/m, Vi/a, 
b/t, and D/t. Reduction of the dynamic energy ab- 
sorbed data in terms of the static energy absorption 
seemed most desirable, since this latter quantity is 
readily obtained with modest test facilities. 

Fig. 6 shows the result of plotting the best arrange- 
ment of these parameters found after much trial. The 
range of D/t ratio used in these tests (550 to 688) was 
not sufficiently great to indicate any dependence upon 
this parameter, and hence it was not employed. 

The data appear to divide into two distinct families, 
as indicated by the curves labeled “‘constant energy” 
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and ‘‘constant mass.’’ The “‘constant energy’ curve 
passes through the data of series D, E, and F in which 
capsule mass was varied to keep the capsule energy at 
impact about equal to the specimen absorptive capac- 
ity. (Actually, “constant energy’ is a misnomer, but 
it may be used to describe the test technique employed 
The “‘constant mass’ curve passes through the data 
points for series G in which the impact mass was k 
constant. 


The ‘“‘constant energy’’ curve was projected down to 
zero at zero velocity since .\/, the ‘‘mass’’ of the machine 
used to conduct a static test, is very great. The “‘con- 
stant mass’’ curve was projected down to intersect the 
ordinate at 


Gas x m 1 x 


\J/m = 361 being the constant mass ratio used in these 
tests. 


The appropriateness of these curves seems assured. 
But then it is obvious that a different curve is needed 
for each ‘“‘constant mass” test in which the \// ratio 


will agree with the ‘‘constant energy”’ curve. Thus, it 
appears unlikely that the parameters employed in Fig. 
6 can successfully reduce all the test data to a common 
curve. 

Fig. 7 shows a plot of all the test data in which the 
dynamic energy absorbed has been reduced by division 
by the energy available in the impacting mass. The 
energy available is defined as the kinetic energy in the 
impacting mass at impact plus its potential above the 
SO per cent compacted position. As may be seen, this 
fortuitous choice of parameters successfully reduces the 
data of all tests. The mean deviation from the curve is 
well within the experimental error. The curve is drawn 
from unity at zero velocity, approaching zero asymp- 
totically for high velocities; these limiting values agree 
with rational expectations. 

The parameters used in reducing the test data for 
Fig. 7 would appear to be more generally useful than 
those of Fig. 6. With such a curve, it is possible to 
predict the energy absorptive capacity of an aluminum 
shell under impact by a given mass at an assigned 
velocity. Some limitations on this plot must be noted 

(1) It is applicable only to aluminum, although the 
presence of the material sonic velocity in reducing the 
impact velocity may make it more generally applicable 


ING REVIEW 
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(2) It is applicable to shells of only one diameter-to- 
wall thickness ratio—about 600, since the range of D/t 
values in this test was between 550 and GSS, a variation 
Further 
testing is required to determine whether shells of other 


too small to yield a noticeable D/t influence 


materials and other D/t ratios will similarly reduce. A 
modification in the reduced velocity parameter seems a 


possibility, as does the use of family curves——one for 
each D/t ratio. 


CONCLUSIONS 


The following conclusions are drawn as a result of the 
test program described herein: 

(1) The energy absorbed in the dynamic axial buckling 
of a pure shell is greater than that absorbed in slow, 
‘static’ collapse. The ratio of these energies increases 
with increasing impact velocity over the range of 
velocities tested (up to 500 in. per sec.) and probably 


beyond that, through any range of velocities normally 


anticipated in vehicle crashes. 

(2) Under dynamic impact, an initial instability pat- 
tern develops rapidly following impact. The failure 
mode is of the same diamond pattern as experienced in 
static tests but is developed uniformly over the entire 
shell. The wave lengths of these initial patterns were 
found to decrease with tests of increasing impact veloc- 
ity. 

(3) The increase in energy absorption with velocity of 
impact may be explained by assuming that the finer, 
more general instability pattern developed under impact 
will result in more material being affected by bending 
and twisting during subsequent collapse. 

(4) As failure progresses during a dynamic test, an 
intense local crippling action develops adjacent to the 
moving bulkhead, with the bulkhead appearing to 
“chew its way”’ along the specimen. 

(5) Energy absorbed data from various dynamic tests 
may be successfully reduced by use of the parameters 
of Figs. 6 and 7. The parameters of Fig. 7 appear to 
be more generally useful, although it remains to deter- 
mine the influence of material modulus and D/¢ ratio, 
the curves given having been obtained only for alumi- 
num shells of D/t = 600. 
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A review is made of the manner 
in which jet-stream interactions 
affect thrust and drag of various 
nozzle installations. 


Some Aerodynamic Considerations of 


Nozzle-Afterbody Combinations 


Edgar M. Cortright, Jr.* 
Lewis Flight Propulsion Laboratory, NACA 


SYMBOLS 


A = area 
D = drag 
H = total pressure 
M = Mach Number 


M,; or = Mach 
upstream of trailing shocks 

M,, or \J2, = Mach Number of separated stream flow just 
upstream of trailing shocks 

m = mass flow rate 


Number of separated jet flow just 


p = static pressure 
q = dynamic pressure 
Vp = velocity of bleed air in plane of base 
V; = average velocity of bleed air in plane of inlet 
8 = boattail angle, deg. 
7 = ratio of specific heats 
Subscripts 
B = base 
I = bleed air condition at plane of auxiliary inlet 
b = jet conditions in plane of nozzle exit 
M = maximum body 
N = nozzle exit 
T = nozzle throat 
0 = free stream 


INTRODUCTION 


5 ipa AERODYNAMIC PROBLEMS associated with pro- 
pulsion-system installations have assumed a role 
of vital importance in the development of supersonic 
aircraft. Although air-induction systems have received 
moderate attention in the literature, considerably less 
information can be found on the design and installation 
of turbojet exit nozzles. This condition should not be 
interpreted to indicate a lack of problems in jet-exit 
design. 

As flight speeds reach supersonic levels, it becomes 
increasingly difficult to achieve nozzle installations 
which are efficient over the entire speed range. The 


Presented at the Internal Flow in Jet Engines Session, 24th 
Annual Meeting, IAS, N.Y., Jan. 23-26, 1956. 
*Chief, 8 X 6 Ft. Supersonic Tunnel Branch. 


difficulties largely stem from the fact that the goals of 
high jet thrust and low afterbody drag are not always 
compatible. In many of the compromise solutions, it 
is generally unsatisfactory to examine isolated nozzle 
and afterbody performance. Rather théy must be 
treated as a unit, and the complex effects of jet inter- 
action with the external stream must be taken into 
account. To accomplish this, the nozzle and air-frame 
designers must closely coordinate their efforts. 


Some of the aerodynamic problems of nozzle-after- 
body combinations are outlined in this report. Par- 
ticular attention is devoted to the influence of the jet- 
stream interaction on both nozzle thrust and after- 
body drag. For this purpose, use is made of shock- 
boundary-layer-interaction concepts. This approach, 
although not precise, correctly predicts many trends 
and is generally enlightening. 


NOZZLES 
Requirements 


It is first necessary to understand why operation over 
a wide speed range can be such a severe physical 
requirement for a nozzle. This is illustrated in Fig. 1. 
As flight Mach Number increases, increasing ram pres- 
sure results in an increasing ratio of jet total pressure 
H, to free-stream static pressure /p. Optimum thrust 
by conventional definition requires that the high-pres- 
sure jet air be expanded internally to free-stream static 
pressure. To do this, the nozzle-exit area must become 
increasingly larger than the throat area as speed 
increases, as indicated in the lower portion of the figure, 


If the nozzle exit area is less than ideal, the flow is 
said to be underexpanded. In this condition, some 
thrust is lost by the failure to provide additional nozzle 
area over which pressures higher than ambient might 
be maintained. If the nozzle exit area is greater than 
ideal, the flow is said to be overexpanded. In this 
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Fic. 1. Nozzle requirements 


condition, static pressures below ambient occur in the 
downstream portion of the nozzle which also creates 
a condition of thrust loss. It is thus clear that a 
nozzle with a fixed ratio of exit to throat area can 
yield optimum thrust only at one pressure ratio or 
flight Mach Number. 

The throat area itself, with constant afterburner 
temperature, varies only slightly for most engines. 
When the afterburner is turned off, however, a large 
reduction of both the throat and exit areas is required 


Types 


Various nozzle types have been evolved to satisfy 
Some of these are 
shown in Fig. 2 with some typical installations. The 
convergent nozzle satisfies the requirement of throat 
area variation by the use of a single set of hinged ele 
ments as indicated. thrust 
encountered at supersonic speeds, however, because of 
the failure of this nozzle to provide internal expansion. 
The variable convergent-divergent nozzle provides a 
second set of elements in order to provide variable 
internal expansion. Although this nozzle meets all of 
the requirements of Fig. 1, it is mechanically complex 
since the two sets of hinged elements are connected. 


these internal-flow requirements. 


Large penalties are 


A slightly less complex nozzle which provides both 
throat and expansion control is the ejector nozzle. 
The principle of operation of this nozzle is as follows: 

The primary jet flow expands from the throat to the 
wall formed by the secondary shroud elements. By so 
doing, it restricts the flow of secondary air thus per- 
mitting the secondary passage to be pressurized by the 
secondary flow. Maintaining static pressures above 
ambient static in the secondary passage is roughly 
equivalent to maintaining the average pressure above 
ambient on the diverging wall of a convergent-diver- 
gent nozzle. Thrust greater than that of a convergent 
nozzle is thus realized. 

The plug nozzle places the expansion surfaces on the 
inside of the jet flow. Throat-area variation may be 
provided with hinged flaps. Disregarding external- 
flow effects, no variable divergence is required since, 
in the absence of confining nozzle walls, the jet flow 
adjusts automatically to compensate for changes in jet 


pressure ratio. The limitations of this assumptiog 


will be discussed later. 
Installations 


The requirements that the variable nozzles place on 
the external flow depend on the external fairing lines, 
as well as on the nozzle variations. Various fairing 
types are also illustrated in Fig. 2. In general, all fair- 
ing types may be considered for any one of the nozzles, 
The long fairing illustrated with a convergent nozzle 
overhangs the nozzle flaps and creates a blunt annular 
base. The base size varies as nozzle-throat area js 
varied. In the case of a short fairing, the rearmost 
external contour is formed by the nozzie flaps them- 
selves. The steepness of the flaps is dependent on their 
length and required area variation and may effectively 
approach a blunt base under some conditions. A 
variable fairing is shown combined with a variable 
convergent-divergent nozzle. If long variable ele- 
ments are used for the fairing and the divergent portions 
of the nozzle, this installation appears to represent 
about the best that can be done from a thrust-minus- 
drag viewpoint. 

The various fairing types may be encountered in 
nacelle installations. 
installations differ from nacelle in that boattailing 


both fuselage and Fuselage 
usually precedes the base and creates a somewhat 
different flow environment in which the nozzles must 
operate. In view of the many possible nozzle-after- 
body combinations, it is evident that a wide variety of 
flow conditions may be encountered. 


BOUNDARY-LAYER SEPARATION CONCEPTS 


The concept of peak pressure ratios for separated 
turbulent boundary layers is a great aid to understand- 
ing many of the flow fields encountered. Calculations 
based on this concept constitute a major portion of the 
remainder of this paper. 
step [Fig. 3, sketch (A)]. 
inviscid flow, the step creates a bow shock wave ahead 
of it. Above some lower limiting Mach Number, 
the pressure ratio across the shock wave is sufficient to 
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separate the boundary layer which is present in real 
fluids. A steady separated flow is then established with 
the bow shock replaced by an oblique shock. For 
turbulent boundary layers, the peak static-pressure- 
rise ratio resulting p2/p; is a nearly unique function of 
Mach Number ahead of the shock ;. This pheno- 
menon has been studied by numerous investigators with 
much more attention to detail than can be considered 
here. References 1 and 2 present summary data and 
bibliographies of both experimental and theoretical 
work in this area. 

It may further be shown® that the separated flows 
behind rearward facing steps [Fig. 3, sketch (B)] and 
blunt base airfoils [Fig. 3, sketch (C)] reattach with 
peak pressure ratios roughly comparable to those 
obtained with the forward facing step. The shaded 
area of Fig. 3 in general covers the scatter of data for 
conditions indicated in sketches (A), (B), and (C). 

In considering nozzle-afterbody combinations, two 
qualitatively similar phenomena are at once recognized. 
When a nozzle is overexpanded, the wall static pres- 
sures drop below the external static pressure into which 
the flow is discharging. The pressure rises to the dis- 
charge value by the mechanism of an oblique shock 
wave. When the pressure ratio across the oblique 
shock p2/ p; exceeds some limiting value, the flow sepa- 
rates in the nozzle [Fig. 3, sketch (D)]. If there is 
external flow, the two streams meet in a manner similar 
to the blunt-base airfoil, and some peak pressure ratio 
is also established at this point. Knowledge of the 
peak pressure ratio in the nozzle permits estimation of 
the nozzle separation characteristics. Knowledge of 
the peak pressure ratio downstream of the base permits 
estimation of the base pressure [Fig. 3, sketch (E)]. 
Where nozzle separation exists with external flow, the 
solutions must be simultaneous. 

Some important differences exist which limit the 
accuracy of applying the data of cases (A), (B), and 
(C) to the analysis of problems (D) and (E). First, 
peak pressure ratios are a function of the state of the 
boundary layers negotiating the pressure rise In 
nozzle installations, as contrasted with the two-dimen- 
sional cases (A), (B), and (C), the boundary layer of 
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the jet traverses a favorable pressure gradient in the 
nozzle prior to separation and may have heat extracted 
from it by cooling. The external flow negotiates the 
complex pressure field of the body. Thus, neither of 
the boundary layers is apt to have a turbulent flat 
plate profile prior to separation. In addition, where 
the two streams interact, they are at different levels 
of temperature, total pressure, and Mach Number and 
are generally curved as a result of the three, dimension- 
ality of the flow. Despite these differences and other 
basic limitations of this empirical approach, the data of 
Fig. 3 satisfactorily predict some important trends in 
the problems of the nozzle-afterbody combinations 
which have already been introduced. The data have 
been applied to this end in several of the following 
figures. 


NOZZLE CHARACTERISTICS 


Convergent-Divergent Nozzle 


Consider first the thrust characteristics of nozzles 
and how they can be influenced by an external stream. 
Although an apparent need for variable geometry was 
indicated in Figs. 1 and 2, design compromises make it 
worth while to look at the off-design performance of 
fixed geometry nozzles. Fig. 4 presents the calculated 
ratio of net thrust to ideal net thrust for two convergent- 
divergent nozzles over a range of flight Mach Num- 
bers. Afterburning flight at constant altitude is 
assumed, and thrust loss due to wall friction is neglected. 
The nozzle designed for a flight Mach Number of 2.5 
experiences overexpansion losses as flight speed is 
reduced. At slightly below Mach 1.6, the data of 
Fig. 3 would predict the flow to separate, thus prevent- 
ing overexpansion losses from exceeding 7 per cent. 
The thrust (including friction) obtained experimentally 
with a 24° included-angle nozzle having an unheated 
jet is shown roughly to verify the predicted trend, 
although nozzle-exit angle materially affects this cor- 
relation. With external flow, however, the base pres- 
sures calculated with the data of Fig. 3 indicate that 
the flow would remain unseparated down to at least 
Mach 1, the limit of the calculations. The resulting 
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thrust losses are seen to be prohibitive. The nozzle 
designed for about Mach 2 operation shows slight losses 
above its design point but much improved performance 
below. Separation neglecting stream effects would 
again limit the overexpansion thrust losses to less than 
6 per cent. The additional overexpansion due to 
stream effects in the subsonic flight region is not cal- 
culable. 

In the foregoing calculations, the base was assumed 
for convenience in order to space the successive internal 
shocks, and base drag was not charged against the 
nozzle. It should be noted that any alteration to the 
external geometry which would increase the base pres 
sure, such as the presence of a boattail, would advance 
the separation point toward the quiescent air value. 


Plug Nozzle 


The plug nozzle in quiescent air does not require 
separation to maintain high thrust levels during off- 
design operation because the flow is not confined. 
However, external flow eects can make the plug 
nozzle even worse than the fixed convergent-divergent 
nozzle in some installations. This is illustrated in Fig. 
5 where the method of characteristics has been com 
bined with the data of Fig. 3 to predict the performance 
of a two-dimensional plug nozzle. The performance 
neglecting external stream effects will be considered 
first. At the design point of J = 2, the thrust equals 
the ideal value as did that of the convergent-divergent 
nozzle. At higher speeds and pressure ratios, the 
underexpansion losses again equal those of the conver 
gent-divergent nozzle. At reduced speeds, the jet 
expands only to ambient pressure on the plug surface, 
and this expansion is followed by compression waves as 
the jet is turned further in the axial direction. Thus, 
disregarding stream effects, thrust losses do not exceed 
1' , percent. In the real case with external flow, how- 
ever, extremely low pressures are predicted on the base 
of the high angle flap by the data of Fig. 3. The jet 
expands to this low base pressure, and, for this case, the 
nozzle suffers the same overexpansion losses as the 
equivalent convergent-divergent nozzle. The plug noz- 
zle would be expected to exhibit performance closer to 
that predicted from quiescent-air calculations if instal- 
lations behind an axially symmetric boattail resulted in 
base pressures closer to ambient. 

The steep flap angle is required for an ideal all- 
external expansion nozzle. If the flap drag is charged 
against the nozzle, the adverse stream effects are seen 
to be far in excess of those for the fixed geometry con 
vergent-divergent nozzle, 
require a base. 


which ideally does not 


Ejector Nozzle 


The last to be considered is the ejector nozzle (Fig. 
6). As mentioned earlier, this nozzle achieves thrust 
in excess of a convergent nozzle by pressurizing the 
passage around the primary nozzle with secondary flow. 
The nozzle must, of course, be charged with the inlet 
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momentum of the secondary air. In the sketch of 
Fig. 6, this air is shown coming from auxiliary inlets 
located in the boundary layer, although, for the calcu- 
lated curves, free-stream air was considered to be the 
source. The calculated by a_ theory 
devised by F. D. Kochendorfer; an early form of this 
theory may be found in reference 4. 


curves were 
The calculation 
predicts thrust levels for optimum (on design) ejectors 
which lie about midway between the convergent and 
ideal nozzles. The fixed-geometry ejector falls off in 
performance relative to the envelope of best ejectors 
both above and below its design point. Although not 
clearly evident from this figure, the fixed geometry 
ejector shows less tendency to overexpand than the 
convergent-divergent nozzle. Stream effects on over- 
expansion were not estimated because this particular 
ejector is not subject to them in the speed range where 
they might be calculated. It should be noted, however, 
that matching the auxiliary inlet air handling character- 
istics to the ejector requirements constitutes a form of 
nozzle-stream interaction not present with the pre- 
viously discussed nozzles. 

The thrust levels in Fig. 6 should not be compared 
with those of Figs. 4 and 5 since an allowance is made 
for friction only in the case of the ejector. In addition, 
the ejector is inherently cooled, whereas the other noz- 
zles are not and are not charged with cooling drag. 

In summary, it would appear that stream interfer- 
ence effects can play an important role in determining 
the off-design performance of the nozzles discussed 
under some conditions. The jet interference effects on 
the external flow will now be considered. 


Jet EFFECTS ON FLOW OVER BOATTAILS 
strated 


1 
in Fig. 7 for a simple combination of conical boattail 
and convergent nozzle. 


Jet interference on boattail pressures is ill 


The flow over the boattail 1s 
characterized by an expansion at the start of the boat- 
tail followed by compression toward ambient pressure. 
The second-order linearized theory of Van Dyke’ ° is 
seen to describe adequately the flow neglecting jet 
effects. At the rear of the boattail, the flow is deflected 
by the jet. The higher the jet static pressure, the more 
the jet “billows”? out and deflects the external flow. 
For inviscid flow, the deflection would produce an 
oblique shock with a discontinuous rise in pressure in 
the external stream. The presence of the boattail 
boundary layer does not permit a discontinuity in 
pressure, however. Instead, the pressure rise ‘‘feeds 
back”’ through the boundary layer, and the rise begins 
with compression waves originating ahead of the base. 
This phenomenon is illustrated by the data obtained 
at Mach 1.9. For trailing shock waves of sufficient 
strength, the boundary layer will separate forward ot 
the end of the boattail. 

The effect of the increased pressures on the boattail 
is a reduction in boattail drag as illustrated in Fig. 5. 
The largest reduction was experienced by the steepest 


boattail. Also shown on the figure are drag reductions 
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estimated by applying the data of Drougge’ who ob- 
tained pressure distributions in the vicinity of two-di- 
mensional flow deflections of various angles. The 
method of application was as follows: 

The flow deflection at the surface was calculated for 
a given combination of boattail angle and jet pressure 
ratio. From Drougge’s data for the same deflection, 
that portion of the pressure disturbance ahead of the 
break in the plate was superimposed on the boattail, 
scaled according to the boundary-layer thickness 
The resulting pressure distributions were steeper and 
higher than those of Fig. 7 but did not extend as far 
forward. This can be rationalized by the fact that the 
initial deflection by the jet did not persist as with the 
flat plates because of jet curvature; also, the boattail 
boundary layer was somewhat distorted toward a 
separation profile without the jet and was thus more 
susceptible to propagating disturbances upstream. It 
is interesting to note, however, that the drag predic- 
tions were fairly good. In view of the possible coin 
cidental agreement, the utility of this simplified cor- 
relation must be determined by further study. 

Before leaving jet interference effects on boattail 
pressures, several modifying factors should be con 
sidered (Fig. 9). Jet interference is reduced by any 
thing that reduces the strength of the trailing shock at 
the end of the boattail. 
which reduces the overpressure (underexpansion) is 


Internal expansion of the jet 
one such factor. In addition, the presence of an 
annular base can confine the jet effects to the base 
pressure, unless the base pressure rises appreciably 
above the rearmost boattail pressures. Conversely, 
anything that increases the strength of the trailing 
shocks will increase the jet interference effect. Large 
boattail angles or large nozzle exit angles fall into this 
category. Flight Mach Number would also be 
expected to affect the extent of jet interference, par 
ticularly at low supersonic speeds where jet deflection 
of the external stream may exceed shock detachment 
angles and the trailing shock waves may stand well 
ahead of the base. 


Jet EFFECTS ON BASE PRESSURE 


When an annular blunt base is present, the peak 
pressure ratios of Fig. 3 may be used to estimate base 
pressures with sufficient accuracy to predict trends 
Use of limiting pressure rises for this purpose has pre 
viously been made by Cantrell and Gazley, Love, and 
Cortright and Kochendorfer. 
tion is described herein. 


One method of estima- 


The nature of this base pressure calculation is simple 
in principle. It is first necessary to determine the flow 
conditions just upstream of the base for both the exter- 
nal and the internal flows. This involves a calculation 
of flow over the boattail and within the nozzle which 
may be relatively simple or complex, depending on the 
geometries involved. A base pressure is then assumed 
which determines the change in direction of the two 
streams as they separate at the base. The paths of the 
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jet and stream boundaries downstream of the bage 
may then be calculated by the method of characteris. 
tics or estimated from empirical observations of jet and 
stream curvatures from similar flow fields. The inter. 
action point and angle of the two streams is thus deter. 
mined, and the final flow direction of the two streams 
is established by the requirement of equal static pres. 
sure across the dividing boundary. The average Mach 
Number of the jet and stream ahead of the trailing 
shocks (see Fig. 3) is then calculated, MW, = 1/2(.1/,,;+ 
M,,). Fig. 3 is entered with M,, and, if the peak pres. 
sure ratio does not agree with that calculated across the 
trailing shocks, a different base pressure is assumed and 
the calculation repeated. 

The results which can be obtained with such calcula- 
tions are illustrated in Fig. 10 for a convergent nozzle 
in combination with a conical afterbody. For this 
particular calculation, the variation in Fig. 3 was 
neglected, and a constant peak pressure ratio of p2 p; = 
b2/Pp = 2.1 was assumed, however. As jet static 
pressure ratio is increased, base pressure increases, 
This results simply from the fact that the increased out- 
ward angularity of the jet, which accompanies increased 
jet static pressure ratios, increasingly deflects the exter- 
nal flow away from the axis and causes higher values 
of wake pressure p2 behind the trailing shocks. Since 
the pressure ratio across the shocks p2 pz, must remain 
constant at 2.1 by assumption, the base pressure must 
also increase. 


The effect on base pressure of base-to-nozzle-diam- 
eter ratio may be similarly physically explained. 
With increasing base size, the jet boundary curves 
increasingly toward the axial direction before it meets 
the external stream. Wake and base pressures thus 
decrease while maintaining a constant ratio. 

The curves of Fig. 10 were calculated for a convergent 
nozzle which at the indicated Mach Number of 1.9 
would have a jet-static-pressure ratio of nearly 5. 
Similar calculations for convergent-divergent nozzles 
with design jet-static-pressure ratios of 1 yield curves 
only slightly displaced from the indicated extrapolations 
of the convergent nozzle curves. It may thus be quali- 
tatively seen that convergent-divergent nozzles will 
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generate lower base pressures than convergent nozzles 
with equivalent base sizes. 

Peak pressure ratio concepts may in addition. be 
used to predict the effects of boattail- and nozzle-exit- 
angle variations. A consistent change in either param- 
eter will yield a family of curves similar, but dis- 
placed, to those of Fig. 10. 


OVERALL DRAG CONSIDERATIONS 


Some of the design implications of the interference 
effects which have been discussed are illustrated in 
Fig. 11. A convergent and a convergent-divergent 
nozzle serving the same engine are shown installed in a 
hypothetical afterbody at Mach 1.9. With no blunt 
bases, the calculated drags are initially the same because 
the favorable jet effect with the convergent nozzle 
nullifies the drag of that portion of the boattail removed 
to accommodate the divergent portion of the conver- 
gent-divergent nozzle. Thus, with no blunt base, the 
convergent-divergent nozzle is superior by its inherent 
thrust advantage at the design point. Asa blunt base 
is added to the convergent nozzle, the drag is reduced 
at first. However, drag increases immediately with 
the convergent-divergent nozzle. Thus, at a base-to- 
exit-diameter ratio of 1.4, the increased drag of the 
latter nozzle eliminates most of its thrust advantage. 
This example demonstrates the type of analysis which 
can be made with the simplified approaches summarized 
herein. 


MODIFYING EFFECTS OF BASE BLEED 


Frequently the annular blunt bases surrounding 
nozzles are, in reality, open, and air is discharged 
through them. This discharge may be for the prime 
purpose of reducing base drag,* or the base may merely 
be a convenient place to discharge cooling or accessory 
air. The modifying effects of such airflow are con- 


sidered only qualitatively in Fig. 12 for a_ typical 
geometry. When air is taken aboard to reduce the 
base drag, the net base drag may be defined as the sum 
of four terms. These are a base pressure term 1 anda 
bleed flow exit velocity term 2, the sum of which equals 
the total exit momentum or jet thrust of the bleed air. 
In addition, there are two terms 3 and 4 representing 
the inlet total momentum of the bleed air. With 
small amounts of bleed air, the base pressure and bleed 
air jet thrust increase rapidly. When inlet momentum 
is accounted for, however, a useful net base drag reduc- 
tion is achieved only if the inlet air is low energy bound- 
ary-layer air. The only theoretical solution to this 
flow problem was advanced recently’ but has not yet 
been evaluated. 


CONCLUSION 


Some of the aerodynamic problems of achieving 
efficient nozzle installations for operation over a wide 
speed range have been reviewed. It has been demon- 
strated that jet-stream interactions can play an impor- 
tant role in these problems under some conditions. 
The concept of peak-pressure ratios for separated tur- 
bulent boundary layers has been found useful to describe 
interaction phenomena. However, the need is clear 
for increased research and engineering effort in this 
area. 
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The Flight Control System 


Pilot, Instruments, Controls 


Gilbert L. Roth* 


Convair, A Division of General Dynamics Corporation 


Will the pilot's duties ever become so thoroughly simple and orderly thal he will go 


along just for the ride? 


Voling an 86 per cent reduction in power-plant controls, levers, elc., 


in one of today’s jet vehicles, this author ciles trends, developments, and concepts 
lo place the *‘joy-riding pilot” well within the realm of possibility. 


INTRODUCTION 


y | {HE TREND IN aircraft instruments and controls is 


away from indicators and levers toward fully 


automatic flight control. Years will pass before this 
full transition is accomplished through the science of 
electronics. human 
link—-must provide the bridge between indication and 
control. 


In the meantime, the pilot-—or 


The air-borne combination of pilot, controls, and 
instruments might best be described as the aircraft 
flight control system. For example, the crew receives 
intelligence from the aircraft's complex network of 
instruments and without hesitation 
translates this information to the proper flight action. 

This paper shall concern itself with the following 
related items of flight control: 


and controls 


development of the 
flight control system, components of the system, and 
method of operation. 


DEVELOPMENT OF THE FLIGHT CONTROL SYSTEM 


During the years between 1903 and 1950, the trend 
had been toward an ever-increasing number of instru- 
ment displays and control knobs to confound the 
aircraft crew. Since 1950, this trend has been reversed 
and today tends toward the growth, in both number and 
complexity, of aircraft control systems which incorpo- 
rate the functions of many and varied instruments and 
controls. Figs. 1 and 2 and Table | indicate the growth 
of instrumentation and aircraft speed over the years 
and into the near future. 

The restricted use of instruments, controls, and con- 
trol systems during the period 1903 to 1919 was due 
mainly to low aircraft speed and altitude capabilities, 
combined with the bulky and not always reliable instru- 
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mentation available during that period. The early 
aircraft’s complete flight control system consisted of 
the pilot, three instruments, and one control system. 
The instruments were engine tachometer, anemometer, 
and stop watch. The control system was a set of con- 
For 
many years these instruments and controls, plus a 


trols or levers and cables set to warp the wings. 


magnetic compass and altimeter, were the only ones 
used in aircraft. Later, the control systems advanced 


to levers that actuated, through cables, airfoil surfaces. 
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The feasibility of scheduled transcontinental flights 
js dependent upon the utilization of night and foul 
weather flights, or so-called blind flying. To accom- 
plish this blind flying, it was necessary to obtain work- 
able instruments such as rate-of-climb, sensitive al- 
timeter, and gyro-turn indicator. In 1913 Elmer 
Sperry successfully demonstrated the gyroscopic stabi- 
lizer, and in 1914 his automatic pilot won first prize in 
Paris for its outstanding performance. 

With the use of some of these instruments, several 
astonishing records were produced. In 1913 an altitude 
record of 20,079 ft. and a speed record of 120.6 m.p.h. 
were set. 

Although World War I did not add appreciably to the 
instrument panels in front of the crew members, it 
did popularize, as never before, the aircraft and its 
tremendous possibilities. 


Dependence on Visual Aids Continued in the Twenties 


The decade of the Twenties saw many advances in 
aircraft instruments and controls, but the pilot’s 
continued reliance on visual flight patterns—and the 
necessity of maintaining schedules—prompted scientists 
and engineers to focus their attention on bettering 
instruments then in use and creating the required new 
ones. 


A most important step toward giving the pilot some 
means of stabilizing himself under nonvisua’ flight 
conditions was the introduction of the gyro turn- 
indicator. This device helped the pilot maintain 
altitude and flight direction and was developed as an 
auxiliary to the magnetic compass. Soon thereafter, 
the rate of climb and turn-and-bank indicators were 
added to the intrument panel. By 1927 flying with 
instruments had progressed to where it was possible 
to make an accurate point-to-point flight such as that 
accomplished by Lindbergh in his famous flight from 
New York to Paris. This feat acquainted both the 
aircraft industry and the general public with a fact that 
could not be denied—scheduled commercial aviation was 
not only feasible but an impending reality. 


The decade of the Thirties was perhaps the most 
important in development of the airplane for com- 
mercial air lines and the start of the modern military 
aircraft. By 1937 air frames and engines were de- 
veloped sufficiently so that the DC-3 could be produced. 
The first “‘3’s’’ were provided with approximately 125 


TABLE 1 
A Tabulated Comparison of Models 377 (C97) and 707* 


Per Cent 
377 707 Reduction 
Power-plant controls, levers, etc. 96 14 86 
Power-plant instruments and 82 26 65 
displays 
Total controls (whole airplane) 370 205 45 
Total displays (whole airplane) 195 100 49 


* This indicates the great reduction which can be effected by 
the use of jet-engine aircraft rather than the reciprocating type— 
and thus effect a reduction in pilot fatigue. 
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Fic. 2. Power-plant controls and displays requiring attention. 


instruments and controls, exclusive of radio and 
navigational equipment. 


Progress Took a 20-Year Leap in World War II 


The decade of the Forties may best be called the 
World War II period of development. Because of the 
pressures of war, the development of instruments and 
controls was accelerated far beyond that thought 
possible before 1939. It is possible that more than 20 
years’ progress was made in the 4-year period from 
1940 to 1944. During this time, psychologists and 
aeromedical doctors made innumerable studies con- 
cerning fatigue, pilot error, instrument legibility, eye 
motions, training devices, simulators, and the like. 
With this tremendous store of new and _ scientific 
knowledge, the old controls and instruments were 
vastly improved. New concepts of instrument group- 
ing and location were evolved. In 1946, for example, 
a plane could take off, fly a set course, and make an 
instrument landing in an emergency without applica- 
tion of the human hand to the controls. 

A turning point in the instrument field was the 
synchronized gun-control system, developed by the 
General Electric Company and first used on the B-29 
Superfortress. It paved the way for the approaching 
shift from a multitude of individual instruments and 
controls on the instrument panels and control panels 
toward the development of automatic and semiauto- 
matic flight control systems. These systems use fewer 
panel instruments and more interrelated components 
located in other sections of the aircraft. Thus the 
great majority of the instruments and controls are out 
of contact with the pilot and crew, whose job is there- 
fore lightened sufficient y to permit them to pay more 
attention to such things as navigation and performance 
of the given mission. 

The development of controls revolves about two 
major points—reduction of the number of levers, 
buttons, switches, etc., and standardization of controls 
from one aircraft to another. For example, landing- 
gear and flap controls under the old methods had levers 


\ 
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which were dentical and often confusing. Under the 
new system, the gear control is shaped like a wheel, 
and the flap control is shaped like an airfoil section in 
addition to occupying given cockpit locations. As an 
example, the landing-gear control is always forward of 
the throttle; the flap control, aft. 
arrangement first began to appear in some of the pro- 
duction aircraft of 1950. 


This standardized 


Direction of control movement is also of great 


importance in this standardization program. Gear 
and flap controls move in the same direction as the 
aircraft component which they control. This principle 
applies to all aircraft controls, such that all switches 
should move forward or upward for On, all knobs 
should rotate clockwise for Jncrease, and a control, 
such as the throttle, should move forward for /ncrease. 

In the preceding it has been obvious that in all of the 
design developments for both instruments and controls 
the human factor has been the guiding light. In the 
beginning this was not recognized as such, and therefore 
equipment was not designed or located in the most 
efficient and sensible manner. This is indicated by the 
As soon as altitudes of more than 
a few hundred feet were reached, it was found that the 
human estimate of height was extremely poor. 


case of the altimeter. 


Crash 
landings and the like probably served to prove this 
point.) This defect was, in fact, due to the ineffec- 
tiveness of stereoscopic vision beyond about 100 ft. 
Thus, an instrument to measure altitude was among 
the first required. Aircraft personnel merely took the 
balloon basket aneroid barometer and calibrated it in 
feet. This was human engineering in the raw! 


Reaction Time an Important Consideration 


The human portion of the flight control system must 
be discussed in terms of human engineering as we see it 
today. One highly important consideration is the 
time needed by a trained pilot to see and react to a 
crisis. For example, when a pilot sights an obstacle 
in his path, his eye has to transmit the idea to his brain; 
his brain must size up the situation, decide upon correct 
action, then transmit the message to his hand—to 
grasp a control and move it in the proper way. Table 
2 indicates the time involved for the average trained 
copilot to accomplish certain actions in handling a 
Table 3 illustrates the perception-to- 
action time requirements under almost any aircraft 


large bomber. 


speed condition. 


TABLE 2 
Time and Motion Study of a Bomber Copilot* 


Total Time, Time 


Zone Sec. Motions Per Motion 
Entry leg 80 21 3.8 
Downwind leg 90 50 1.8 
Base leg 45 15 3.0 
Approach leg 90 30 3.0 


* A study of the motions of a copilot in a large bomber making 
a standard military approach and landing. The approach con- 
sisted of four zones, or legs, during which time the copilot had 
approximately 305 sec. to perform 116 actions. 


It is necessary to be concerned with the location ang 
shape of the controls, as discussed previously. Prior 
to World War II, these human engineering concepts 
were largely ignored, and as a consequence many 
accidents occurred because of the misreading of pe 
instrument dial or the mistaken application of a contro] 
A lack of standardization among cockpits of varioys 
aircraft has proved to be a great hazard. A pilot 
flying one type of aircraft for a reasonable length oj 
accustomed to its 


time becomes instrument and 


control setup. When transferred to another type oj 
aircraft, he finds himself automatically flipping switches 
incorrectly because their location is the same as 4 
different control in the first ship. In the 22 months 
from January, 1943, to November, 1944, the Air Forg 
reported that confusion between landing-gear and 


flap controls caused 457 accidents. 
Lighting Without Glare an Important Advancement 


Other important items that must be attended to in 
the design of the overall flight control system are the 
visibility, seat design, cabin comfort, and instrument 
lighting. A good deal of work has already been done 
The Navy 
Department’s Bureau of Aeronautics has developed, 
with instrument manufacturers, an instrument lighting 


on the problem of instrument lighting. 


system in which a light bulb is encased in the center of 
the cover glass, permitting dial face lighting without 
glare. Installation problems are reduced because of 
this integration of the instrument and lighting. In 
addition, old-type instruments in use today have been 
placed in a new type of back-lighted instrument panel 
(Fig. 3). In this geometry, which is similar in detail 
to the photo instrument panels used in flight-test work, 
the instrument is set behind a lucite or plexiglass cover 
in which instrument dial face holes have been cut. 
Lights for this panel are set into the plexiglass from the 
aft side. Instrument and display lighting are of partic. 
ular interest to the pilot with regard to eye adjustment 
from ‘‘inside’’ to ‘‘outside’’ cockpit. 

A typical example of the human engineering involved 
in obtaining the best instrument-control-pilot setup is 
found in the concept of an air-borne radar control 
panel. Rearrangement has simplified the sequence oi 
movements and improves the possibilities for accuracy 
and speed. In the redesign, the original two three- 
position switches, located in the center, have become one 


five-position switch located advantageously in a cornet. 


TABLE 3 
Perception-to-Action Tabulation Applicable to Any Craft, Any 
Speed 
Time to 
Action Complete, Sec 
Brain perception of what eye 
sees 0.1 

Brain recognition 0.4 
Decision 4to 5 
Physical reaction 0.5 
Airplane reaction (approx.) 2+ 

7 to 8 sec 


Total action time 
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Previously, the switches were in the way, unneces- 
sarily accessible although never used in an emergency. 
For example, they were always in the movement path 
of the pilot reaching frequently for other controls; 
as a result, occasionally either or both would be in- 
advertently flipped. The single switch is also easier to 
use when the pilot wears heavy gloves. 

The development of the overall flight control system 
is necessarily coincidental with the development of 
instruments, controls, and concepts of human engineer- 


ing. 


COMPONENTS OF THE FLIGHT CONTROL SYSTEM 


The components of the flight control system consist 
of four subdivisions: 

(1) The instrument devices located on instrument 
panels facing each crew member which, by means of 
dial and digital presentation, indicate many remote 
actions within and w.thout the aircraft—e.g., a temper- 
ature indicator presenting, on a dial, the jet-engine 
tailpipe gas temperature. 

(2) The control devices on or near the instrument 
panel and crew stations that are manually positioned 
so that some preselected aircraft function is performed 
eg., an engine throttle control lever at the pilot’s station 
which will increase or decrease, through appropriate 
servos, the engine power output. 

(3) The human portion of the system which will be 
discussed in more detail later. The pilot is mobile and 
is disconnected from the system at the completion of 
each flight. Nonetheless it is quite obvious that he is 
an integral part of the whole system. 

(4) The partial, or individual, system which auto- 
matically combines the functions of several controls 
and instruments so that one lever (control device) 
may signal a whole series of actions. The term 
instruments as used here indicates devices that transmit 
intelligence within the partial system. An example of 
a partial system is the jet-engine control which provides 
acceleration proportional to the selector lever position, 
computes the maximum rate at which fuel can be sup- 
plied without stalling the engine, and limits the tailpipe 
temperature to a predetermined maximum value. 


Other Partial Systems Listed 


Additional partial systems, which when combined 
form the overall flight control system, are: surface 
controls, navigation, ice protection, armament (guns, 
search equipment, bombs), power plant, landing gear, 
communication and emergency systems (ejection seats, 

The partial systems include all the major functions 
that must be carried out so that the aircraft mission 
can be brought to a successful completion. For 
instance, the surface control system consists of the 
tudder, elevators, ailerons, flaps, aerodynamic brakes, 
tabs, ete., coupled with the actuating and intermediate 
devices required to operate them in conformance with 
the pilot's wishes. When the pilot pushes on his right 
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Fic. 3. Instrument panel. 


rudder pedal, designated previously as a control, the bar 
linkage, hydraulic boost, pumps, cables, and such com- 
bine to move the rudder right and at the same time main- 
tain a given feel on the rudder pedal. Instruments that 
are involved iu the operation of this partial control sys- 
tem measure temperature and pressure at various loca- 
tions, and these data are relayed to both the partial sys- 
tem and the pilot. Thus some of these instruments are 
actual members of the surface control partial system, 
which naturally includes the pilot. At the same time, 
various other partial systems may be in operation—and 
probably are. 

Conventional instruments used to give quantitative 
and qualitative data to the pilot are generally grouped 
into three types: digital (direct numerical reading), 
those with moving pointer over a fixed scale (pointer 
and dial type), and those with moving scale about a 
fixed pointer (compass with a circular dial revolving 
past a hairline). 

Naturally many variations occur, but these are 
concerned more with changes in the shape or display 
than with the method. Indicating instruments are 
useful for quantitative reading of an exact numerical 
value—e.g., fuel flow. Qualitative reading gives a 
trend or approximate variation from a given datum— 
e.g., gyro-turn and bank. Check reading verifies that 
a desired value is being indicated—e.g., using magnetic 
compass to check gyro compass. Sefting to a desired 
value establishes a zero point or limit value—e.g., air 
speed, altimeters, etc. J7vack ng is intermittent or 
continuous adjustment of an instrument to maintain a 
desired value regardless of instrument indicated change 
or to follow a moving reference such as compass direc- 
tion indicator. Table 4 indicates the relative value of 
-ach instrument type with respect to the uses to which 
it can be put. 


Industry Leans Toward Master Warning Light 


Warning lights are considered a part of the instru- 
ment panel since they are indicators requiring, in most 
cases, some kind of pilot action. At the present time, 
industry is leaning toward a master warning light which 
will refer the pilot to a lighted panel. This panel will 
indicate, in a direct form, the source of trouble. 

A partial list of the many items that fall in the 
controls category includes throttle levers, flap controls, 
radio knobs and switches, stick or wheel, rudder pedals, 
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Method of Use 
Quantitative reading 
Qualitative and check 


reading 


Setting 


Tracking 


ENGINEE 


Table of Recommer 
Moving Pointer 


Fair 


Good 
Location of pointer easily de 
tected; numbers and scale need 
not be read; change in position 
easily detected 

Good 
Simple and direct relation of 
pointer motion to motion of 
setting knob; aids in monitoring 


Good 
Pointer position readily moni 
tored 


RING REVIEW 


rABLE 4 
led Indicators According to Use 


Moving Scale 


Poor 
Difficult to judge direction and 
magnitude of the deviation 
without reading numbers and 
scale 

Fair 
Somewhat ambiguous relation to 
motion of setting knob; no 
pointer position change to aid in 


Fair 


SEPTEMBER, 


19'S6 


Counter 


Good 


Minimum time and 


error jn 
obtaining exact numerical value 
Poor 
Must read numbers; 
detected position changes 


no easily 


Good 
Most accurate monitoring of 
numerical setting; relation to 
motion of setting knob less 


etc. In all of these cases, it can be seen that something 
must be mechanically positioned to produce some action 
through the previously mentioned partial systems. 
These cockpit controls exhibit three important design 
characteristics— geometrical 
method of action. 


design, location, and 
Each lever, knob, stick, and button 
should be designed for its own specific position and 
action to permt efficient, rapid operation of the 
controls. 

The human portion of the flight control system is an 
integral part of this complex servo setup. There 
was a time when the pilot’s main mission was to keep 
the aircraft in the air and to get it back safely on the 
ground. Today’s military and commercial pilots and 
crew members spend many hours on initial and re- 
fresher instrument flight training. This is an unten- 
able situation in the military supersonic flight age 
almost upon us. Difficult as it may be to comprehend, 
we now realize that the pilot of the supersonic age can 
be provided with only a comparatively few hours of 
actual instrument and control training. Most of the 
military pilot’s time will be spent in military tactics 
training so that he will react promptly and properly 
The 
answer to this complex problem can be supplied only 
by the combined efforts of instrument and control 
engineers, aviators themselves, human engineers, and 
aeromedical personnel. Thus we see that the pilot's 
capabilities, regardless of how good, must be supple- 
mented by many devices and concepts of flight control. 


when, in actual combat, a decision is required. 


COORDINATED OPERATION OF THE FLIGHT CONTROI 
SYSTEM COMPONENTS 


The coordinated operation of the components that 
make up the flight control system is the end result of 
the design and development programs 
previously. Their operation has been shown, to a 
great degree, in the previous pages. 

The flight control system coordination might best be 
shown by a theoretical example: The aircraft is 
initally in straight and level flight under cruise 
conditions. The pilot perceiving a target above and 


discussed 


the monitoring; not readable direct; not readable during 
during a rapid setting rapid setting 
i Poor 
No pointer position changes to No gross position changes to aid 
aid in monitoring monitoring 

forward of this position decides to close with it. Of the 


partial systems in the aircraft, only the following are 
utilized: surface controls, power plant, armament, and 
compartment (which is in 
operation for most of the flight). 


conditioning automatic 


Thus, these four partial control systems form the 
complete flight control system for this particular com- 
bat maneuver. The pilot, upon receiving the visual 
signal of a target, makes a decision on a course of action 
The throttle lever or 
control is pushed forward to maximum power setting. 
The stick and rudder pedals are put into action, the 
armament readied. These complete, the 
flight control system carries out the action to maintain 


and begins the new maneuver. 


motions 


the aircraft and equipment in the proper attitude 
required to fulfill the mission. A similar process is 
carried out in the pull-out and recovery so that the 
aircraft is in the correct spacial location with respect 
to the target. 

Taking any one of the above controls, except those 
operating automatically, we can resolve the pilot and 
system action as follows: 

(1) Stimuli 


(2) Pilot reaction to 


visual, audible, feel. 
stimuli—push or pull lever 
(control), turn knob, etc. 

(3) System action—the pilot’s reaction in positioning 
a control sets a system in action leading to the final 
desired control movement. 

(4) Along with (3) above—modification of system 
action by instrument inputs to the subject system. 

(5) Aircraft action—response to all of the above. 
(6) New instrument readings on the instrument 
panel with inherent new stimuli. Thereupon action 


(1) begins again. 


CONCLUSIONS 


In the future, as the speed and altitude of flight 
moves upward, there will be a greater consolidation of 
instruments and more use of flight control systems in 
place of individual instruments and controls. The 
pilot’s cockpit is becoming simpler, more orderly, and 
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to some extent standardized so that one day the pilot 
may go along just for the ride. 


REFERENCES 


1 Fade, A. W., and Fraizer, J. J., Aircraft Instrumentation—In 
Step with the Times, General Electric Review, May, 1954. 


2 Javitz, Alex E., Human Engineering in Control Systems, 
Electrical Manufacturing, March, 1954. 

3 Operation Standard, Flying Safety Magazine, July, 1954. 

‘Wright, T. P., Design Trends in 50 Years—Civil Aviation 
Other Than Transport, Aeronautical Engineering Review, Vol. 
12, No. 12, pp. 74-81, 127-129, December, 1953. 


Economics of Rocket-Propelled Airplanes 


(Continued from page 36) 


(b) Results: 

(1) Oil and liquid oxygen (mixture ratio—2.75); cost 
of oil—12 cents/gal. (= 2 cents/Ib.); cost of liquid 
oxygen—$10/ton (= 0.5 cent ‘Ib.). Cost of propellant 
mixture is 0.887 cent/Ib. 

(2) Liquid hydrogen and liquid oxygen (mixture 
ratio—4.0); cost of hydrogen—S cents/Ib.; cost of 
oxygen—$10/ton. Cost of propellant 2 
cents/ Ib. 

(3) Liquid hydrogen and liquid oxygen (mixture 
ratio—9.0); cost of hydrogen—S cents/Ib.; cost of 
oxygen—$10/ton. Cost of propellant mixture—1.25 
cents/Ib. 

(4) Results—Propellant costs are given in Table 4-3. 


mixture 


(C) Interest on Investment: Taxes, Insurance 


(1) Interest—The air-line operator must pay interest 
on the capital invested in airplanes and other capital 
equipment. It will be assumed that the interest rate 
on borrowed capital is 6 per cent per year. 

Contemporary transport airplanes cost about $25/Ib. 
of empty weight, fully equipped. A figure of $60/Ib. of 
empty weight has been used throughout this study. 
The higher figure was used for several reasons: 

(a) Rocket airplanes will be made from more expen- 
sive materials and will be harder to fabricate than con- 
temporary airplanes. 


(b) The cost per pound of airplane is increasing 
with time. 

(c) The charges attributable to structural costs are 
relatively small in most cases considered. Conse- 
quently, one can easily afford to be conservative and 
to make generous allowances for costs of the rocket air- 
plane structure. 


Assume, as is common, that the rocket airplane flies 
3,000 hours each year. The operator then pays for 
each pound of airplane structure 


See = 0.12 cent/hour of flight 
3,000 hours 
(2) Taxes and Insurance—Taxes are a variable and 
controversial factor. Insurance against loss of airplane 
usually costs somewhat less than interest. Taxes and 
insurance have been lumped and assumed to cost 0.10 
cent/lb. of structure/hour of flight in the computations 
which follow. [See (H), ‘Direct Flying Costs.” | 


The concluding Part II of Mr. Cornog’s paper in the October issue 
will resume discussion of ‘“Direct Flying Cost of Rocket Airplanes” 
and take up current freight rates, passenger fares, and projected 
costs of air transportation. Three appendixes and the author’s con- 
clusions will also appear—Eb. 
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IAS News 


(Continued from page 27) 


five stops for fuel, the company claims 
A full-scale mock-up of the 707 Stratoliner 
cabin has been placed on display in New 
York. The mock-up has 98 seats, two 
galleys, and four lavatories, complete with 
lights, running water, and air conditioning. 
Boeing has issued a brochure on the 707 
airplane and another booklet showing how 
the 707 air liners will fit into airport and 
terminal operations. 


@ Bristol Aero-Engines Limited announces 
that the British Government has given 
approval for the sale of civil versions of the 
Olympus turbojet engine to aircraft manu- 
facturers and air-line operators. The 
military version of the Olympus, now in 
production, is rated at 12,000 Ibs. thrust. 


@ Douglas Aircraft Company, Inc.... 
Closed circuit television is being used at 
the Santa Monica plant to save the time 
of engineers who formerly used to be 
called out to the factory area, 4,000 ft. 
from their offices, to check on the accuracy 
of machined parts. Now the part in 
question is placed under the TV camera in 
the production area, and the image is 
transmitted to a 21-in. screen in the en- 
gineering department. Armed with blue- 
prints and the original analysis, the design 
and strength engineers look at the magni- 
fied picture and usually can make a final 
determination without walking out to the 
factory. Douglas Aircraft Company 
has announced it will give scholarships, 
fellowships, and other educational grants 
totaling more than $130,000 during the 
coming school year. About $95,000 of 
this financial aid is available to company 
employees. In addition, sons and daugh- 
ters of employees are eligible for 130 college 
scholarships of $100 each. 

@ Elastic Stop Nut Corporation of America 
has introduced a new one-lug cap seal 
anchor locknut designed for integral air- 
craft fuel tanks in which space for riveting 


is limited o1 ere bolt holes are close tc- 


gether. The No. A2507 self-sealing lock- 
nut prevents leakage up to 50 psi on either 
side of the despite severe vibration 


or temperature changes 

e@ Ethyl Corporation...Edward L. Shea, 
President sin¢ 1947, has been elected 
Chairman of the Board. B. Bynum 


Turner, formerly 
dent, has been 


Executive Vice-Presi- 
elected President 
e@ Fairchild Camera and Instrument Cor- 


poration...In addition to rewarding in 
ventivenes better jobs and better 
salaries, the company has adopted a policy 


of ‘increased recognition’’ to encourage 
its engineers product research and de- 
velopment. At the end of 1956, a plaque 
will be awarded for ‘‘the best patent of the 
year’ at a banquet to be held by the com 


pany for all technically trained engineering 
personnel. The plaque will be accom- 
panied by a personal gift. The banquet is 
to be an annualaffair. All patent applica- 


tions will specify 
will be given n 


the engineer’s name and 
1aximum publicity through 
the employee newspaper and through cir- 
culation of copies to top company officials 
Certifi- 
framing and visits to 
work place by top company 
ling the Board Chairman, 
are other facets in the program of in 
creased recognition In addition, if the 
company decides not to act on a patent, 
title will revert to the initiator. Sherman 
M. Fairchild, FIAS, who holds 24 patents 
himself, founded the company in 1920 for 
the purpose of marketing an invention of 
his own—th first automatic aerial 
camera Richard Hodgson, Executive 


and to all engineering personnel 
cates suitable for 
the inventor's 
officials, inch 


Vice-President and Joseph Bradford 
Wharton, Baltimore, have been 
elected to the Board of Directors 


@ Fairchild Engine and Airplane Corp. 
...An addition with 11,400 sq.ft. of floor 
space is being constructed at the Stratos 


Division pla Bay Shore, Long Island, 
N.Y 
@eThe Garrett Corporation...The Ai 


Research MA-1A trailer unit, a ground 


Close-up view of Convair's Mach 2 rocket sled shows the metal test specimen 


mounted on the nose for a rain-erosion test. 
other sleds used on the same track, runs on four steel 


during the 9' »-sec. race. 


The 800-Ib. sled, much lighter than 
slippers that get red hot 


The seven rockets are ignited electrically after the sled 


has been accelerated to 620 m.p.h. by a pusher sled. 
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auxiliary power cart, has passed qualifica. 
tion tests and has been accepted by the 
Air Force. The trailer contains a smal] 
gas turbine engine which provides com. 
pressed air for starting jet-aircraft en. 
gines and for other pneumatically op. 
erated equipment. The unit operates at 
temperatures ranging from 130°F. to 
—65°F. The AiResearch Aviation 
Service Division is offering a ‘‘Maximizer 
Kit’’ for DC-3’s. Installed at a cost of 
$15,000, it is said te add about 20 m.ph, 
to the plane’s speed. The modification 
consists of an integrated system of engine 
cowling, engine baffles, oil-cooler ducting, 
wheel-well doors, and exhaust system, 

The Airsupply Company has opened a 
branch office at 3311 South Broadway, 
Englewood, Colo. 


@ General Dynamics Corporation. ..Con- 
vair Division is building a $40,000,000 
plant, to be known as Convair-Astronau- 
tics, at Montgomery Field near San Diego 
Calif. It will be devoted to research, de- 
velopment, manufacturing, and _prelimi- 
nary testing of the Atlas intercontinental 
ballistic missile. Situated on a 252-acre 
site, the plant will consist of a one-story 
factory building of 500,000 sq.ft., two six- 
story office buildings with 107,000 sqft. 
each, an engineering laboratory with 
147,400 sq.ft., an instrument and com- 
puter center, a cafeteria-auditorium, and 
several test and utility buildings. The 
plant will be completed next year and 
will employ 6,600 persons by 1958... . 
Convair has announced it will build a 
medium-range jet transport with a cruis- 
ing speed of 609 m.p.h. at its San Diego 
(Calif.) plant. Called the Golden Arrow, 
the new commercial air liner will havea 
golden exterior instead of the usual silvery 
color. It will cruise at 35,000 ft. witha 
pressurized cabin and will operate effi- 
ciently at ranges from 200 to 3,000 miles, 
the company said. It will operate from 
5,000-ft. runways. It will be powered by 
four General Electric CJ805 engines. The 
first Golden Arrows will be delivered to 
Trans World Airlines, Inc., late in 1959. 
Delta Air Lines, Inc., also will use the 
plane .Convair has built a new rocket 
sled that travels 1,560 m.p.h. on the 10,000- 
ft. track at the ARDC’s Flight Test Center 
at Edwards AFB, Calif. Speeds in excess 
of Mach 2 have been reached on a regular 
schedule during rain-erosion tests. The 
sled races through a simulated rain storm 
carrying an exposed part of an aircraft or 
At the end of the rua, 
the sled is recovered with no damage from 
deceleration, and the effect of rain on the 
test specimen is evaluated. The sled 
weighs only 800 Ibs. The sled has seven 
rocket bottles, and a pusher sled (booster) 
has five more. In previous rain-erosion 
tests, material samples were fired from 4 
20-mm. gun, but the specimens were neces- 
sarily small. 


missile on its nose. 


General Electric Company... The Small 
Aircraft Engine Department has de 
veloped a ‘welterweight’ gas turbine en- 
gine, the T58, for the Navy's Bureau of 
Aeronautics. It was designed specifically 
for helicopters and will be flight-tested in 
the Sikorsky S-58. The T58 engine has 4 
continuous output of 900 hp. and a mil- 
tary rating of 1,050 hp. It weighs 250 
Ibs. (325 Ibs. including gearing) and 1s 
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World’s Fastest Navy Fighter 
Proudly wears 
controls 


Nine Sargent quality units have been selected to 
provide Chance Vought’s F8U-1 Crusader with instan- 
taneous, positive, feathertouch response. 
These units, Sargent fabricated to Vought specifications, 
provide a system for control for the safe, positive, 
efficient operation of this great fighter. 
The experience of more than 36 years of 
design and manufacture of precision equipment 
systems has given Sargent Engineering Corporation 
the ‘“‘know-how”’ to aid in solving the essential and 
advance problems of force control. Leading airframe 
and missile manufacturers are using hundreds of 
different Sargent hydraulic, mechanical, pneumatic, 
electrical and electronic force control units on the 
nation’s military planes, commercial planes and missiles. 
Sargent places its facilities of design and manu- 
facture at your disposal. We invite you to send your 
specifications for the Sargent proposal of your 
force control problems. 


Since 1920 


ENGINEERING CORPORATION 


2533 EAST 56th STREET 
HUNTINGTON PARK, CALIFORNIA 
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54 in. long. The T58’s power-to-weight 
ratio is better than 3 to 1—an improve- 
ment over piston engines used to power 
helicopters, which average 1 hp. per lb. of 
engine weight. The company claims that, 
in antisubmarine warfare where endurance 
is an important factor, a helicopter powered 
by a T58 turbine engine could stay aloft 50 
per cent longer than a helicopter with an 
equivalent piston engine. A cargo heli- 
copter could double its ton-mile capacity 
with the turbine engine. Cw: 
LaPierre, MIAS, Executive Vice-Presi- 
dent in charge of the Electronic, Atomic, 
and Defense Systems Group, has an- 
nounced a reorganization of the company’s 
16 electronics businesses and five elec- 
tronics laboratories into three new divi- 
sions. George L. Haller, AFIAS, formerly 
General Manager of the Laboratories De- 
partment, has been named General Man- 
ager of the Defense Electronics Division, 
located in Syreause, N.Y. The other new 
divisions are the Industrial Electronics 
Division in New York, and the Electronic 
Components Division in Owensboro, Ky. 
..G-E will sponsor a conference on jet- 
engine overhaul problems at its Evendale 
(Ohio) plant on October 10-12. Papers 
will be presented by engineering mainte- 
nance representatives of the Air Force, 
Navy, Army, and commercial air lines, 
as well as by G-E engineers. This will be 
one of the first assemblies of both military 
and industry maintenance personnel for 
the discussion of overhaul problems con- 
nected with jet engines. 
e G. M. Giannini & Co., Inc. . . .A high- 
temperature precision potentiometer rated 
to 200°C. has been developed by the 
Electromechanical Division. The new 
Model 875T is a servomount, subminia- 
ture, single-turn, rotary unit with a power 
rating of 2 watts at 150°C. Despite its 
small diameter of 7/8 in., linearity is plus 
or minus 0.5 per cent or better, and resolu- 
tion is as high as 0.06 per cent. Precious 
metals are utilized in the coil and wiper to 
permit low contact pressure and to provide 
long, noise-free life. 


e The B. F. Goodrich Company...J. W. 
Keener and Arthur Kelly, both Vice-Presi- 
dents, have been elevated to Executive 
Vice-Presidents. Joseph A. Hoban has 
been elected Vice-President— Marketing 
E. F. Tomlinson has been elected Presi- 
dent of the B. F. Goodrich Tire Company, 
a Division of The B. F. Goodrich Com- 
pany 


@ Goodyear Aircraft Corporation has de- 
veloped two thrust-reverser units for jet 
engines as a result of investigations started 
in 1953 for the Power Plant Laboratory 
of Wright Air Development Center. In 
one design, a deflector reroutes all mass 
flow normally passing through the tailpipe, 
turning it in a forward direction. In a 
second design, a partial block is achieved 
by projecting a deflecting mechanism into 
the normal gas path to divert whatever 
concentration of mass flow is desired into 
the inlets of reverser cascades. It is pos- 
sible to produce the required reverse 
thrust without affecting the normal rated 
forward thrust of the engine, according to 
company engineers 

e Harvey Aluminum Division of Harvey 
Machine Co., Inc... . New offices have been 
opened at 1430 Peachtree St., N.W., 
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General Electric Co. uses this computer in 
its Lynn (Mass.) plant to simulate engine 
control and aircraft characteristics. It is 
employed in ‘‘test small gas-turbine 
engines such as the 158 and the MX2273. 


Atlanta, Ga., and 505 Park Ave., Detroit, 
Mich 
e@ Lear, Incorporated...The Lockheed 


F-104A jet interceptor will use Lear’s new 
three-axis stability augmenter, an elec- 
tronic device that enables a plane in 
flight to damp out automatically any de- 
viations from the desired flight path. This 
is believed to be the first transistorized 
flight-control device put into production 
for supersonic aircraft. The first auto- 
matically controlled flights by an Ameri- 
can jet transport, according to Lear, have 
been made by the Boeing 707 prototype 
to test the MC-1 electronic autopilot, 
which will be installed in Boeing’s KC-135 
tanker-transports ordered by the Air 
Force. A similar Lear autopilot has been 
flying for several months in the French 
Caravelle transport....The Grand 
Rapids Division is building a manufac 
turing plant with 170,000 sq.ft. of floor 
space at the Grand Rapids (Mich.) Air- 
port Edward Adams, Jr., a Vice-Presi- 
dent of the National Bank of Detroit, has 
been elected to Lear’s Board of Directors 
...A 15-min. color film on the Civil Air 
Patrol, sponsored by Lear Incorporated, 
will have its first showing this fall in 
Washington, D.C. Among the actors 
will be William P. Lear, AFIAS, who is an 
adviser to t itional commander of the 
CAP 

@ Lockheed Aircraft Corporation...A new 
jet airplane « ble of “routine flights” at 
a height of miles has been developed 
by Lockheed for the Air Force. Known 
as the U-2 s a large wing to provide 
extra life air and is powered by a 
Pratt & Whitney J57 turbojet engine 
It can stay 50,000 ft. an hour or more 
The U-2 w uilt by Lockheed with its 
own funds testing engines, fuel sys- 


tems, and rials in continuous flight 


at high altitudes. It was designed to 
gather information that no altitude pres 
sure chamber can furnish satisfactorily 
It carries vy load of instruments 
Several of st new planes, loaned by 
the USAI being used by the NACA 


to gather information on clear-air turbu- 
lence, convective clouds, wind shear, and 
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the jet stream at high altitudes up to 
50,000 ft. With support from the USAR 
Air Weather Service, this NACA program 
is expected to furnish data fer laying out 
tomorrow's high-altitude air routes for 
jet air liners. The first flights are being 
made in the Rocky Mountain area. Avail. 
ability of the U-2 makes it possible to 
gather the high-altitude data needed “in 
an economical and expeditious manner,” 
the NACA said. At the request of the 
Air Force, the NACA research flights with 
the U-2 also will be used to obtain infor- 
mation on cosmic rays and the concentra- 
tion of ozone and water vapor in the atmos- 
phere at high altitudes....Two large elec- 
tronic computers have been installed in 
the Georgia Division’s plant at Marietta, 
and a third computer is on order The 
Georgia Division has opened an aeronau- 
tical engineering office in Dunedin, Fla, 
on the Gulf coast. 
are employed there. 
e Manning, Maxwell & Moore, Inc., of 
Stratford, Conn., has issued a bulletin on 
its American bimetal dial thermometers. 


e Marquardt Aircraft Company. .. The 
Research Division has moved into the 
first unit of what eventually will be the 
Marquardt Research Center. This will 
include a research headquarters building, 
an experimental and model shop, a ma- 
terials and process laboratory, and a re- 
search testing facility. John Drake, 
MIAS, is Director of Research 


e McDonnell Aircraft Corporation...The 
F-101B is expected to fly early next year, 
This is the two-man interceptor version of 
the Voodoo which will be used for con- 
tinental defense by the Air Defense Com- 
mand of the Air Force 


About 35 engineers 


e Minneapolis-Honeywell Regulator Co. 
..-Glenn E. Seidel has been promoted to 
Vice-President in charge of Engineering. 
He joined the company in 1943 as a field 
engineer and became a Vice-President in 
1952. 

e Norden-Ketay Corporation announces 
new analog-to-digital converters in a com- 
plete range of counts up to 524,288. It 
is estimated that these units will operate 
for 4,000,000 revolutions (better than 
500,000,000 counts at 200 r.p.m.) before 
cleaning is required. Bulletin No. 372 
may be obtained from the company’s 
New York office. 

e North American Aviation, Inc... .After 
first announcing that Aerojet-General 
Corporation would operate a $13,000,000 
Government-owned plant now under con- 
struction in Neosho, Mo., the USAF Air 
Materiel Command appointed the Rocket- 
dyne Division of North American Avia- 
tion to manufacture large liquid-propel- 
lant rocket engines there. About 1,000 
persons will be employed in the plant by 
early 1957. Active in missile programs for 
the past 10 years, Rocketdyne has its 
main plant in Canoga Park, Calif 


e Northrop Aircraft, Inc....A subsonic 
wind tunnel designed to operate at speeds 
up to 285 m.p.h. (Mach 0.37) has been 
erected at the Northrop plant in Haw- 
thorne, Calif. The test section is 7 by 
10 ft....A new Ground Support and Test 
Equipment Department has been estab- 
lished to coordinate production of nearly 
300 items, from test fixtures to launching 
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HOT TIP 


One day not many months from now a Martin 


rocket — carrying the first man-made earth satel- 


lite—will depart this world at an unheard-of speed 


of 18,000 miles per hour...destination, outer space. 


This coming moment in history points up a 
significant fact: 
No other company in the aircraft world knows 


more today about tomorrow. 
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Don’t be grounded by your en- 
gineering problems! 


The Investment Casting process 
Offers unlimited freedom for the 
thousands of designs now on the 
aeronautical horizon. Intricate 
shapes, unusual contours, metals 
too difficult to form or ma- 
chine need not be your problem. 


ARWOOD has been serving avia- 
tion with quality investment 
castings for over a decade... 
maintaining its leadership by 
meeting design specifications, 


ceiling 
unlimited! 


FREEDOM OF DESIGN 


This magnesium rudder component on a jet 
bomber consists of two hollow rectangular 
chambers joined by a tube. A wall thickness 
of 0.08" is uniformly maintained, proving that 
extensive areas of thin section and complex 
Curvature can be investment cast without 
resort to joining. 


quality standards, delivery 
schedules and competitive 


prices. 


Write today for your copy of ‘‘A 
Critical Survey of Investment < 
Casting’, written especially for 
design, production engineers. 


FREEDOM OF 


ALLOY SELECTION 


; In order to increase 
the strength and 


=> creep resistance of 


J this jet engine strut, 

the material specifi- 

cation was changed from stainless steel to a 

special low alloy steel. Investment casting 

offers this freedom in choice of alloy at little 
or no extra cost. 


ARW/O0O 


ARWOOD PRECISION CASTING CORP. 


311 West 44th St., New York 36, N.Y 


Plants: Brooklyn, N. Y. © Groton, Conn @ Tilton, N. H. © Los Angeles, Calif. 


“*PIONEERS IN INVESTMENT CASTING"* 
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platforms, required for handling the 
Snark SM-62 intercontinental guided mis. 
sile.... Northrop Aircraft has established 
a work-study fellowship program with the 
University of California at Los Angeles 
The company will give cash awards and 
part-time employment to eligible under. 
graduate and graduate students of UCLA 
while they continue their engineering edy. 
cation. The plan also permits students 
to work and go to school in alternate 
semesters. Students aided by the com. 
pany will be offered full-time employment 
when they complete their studies... 
Northrop has produced a 16 mm. motion 
picture, with color and sound, entitled 
Airman Smith, Candidate for Honors. 
Filmed at two Air Force bases in Cali- 
fornia, it shows the F-89D Scorpion in ac. 
tion and the interesting life of a technician 
who helps keep the planes flying 


e Pan American World Airways has leased 
from the Port of New York Authority a 
17-acre site for construction of a passenger 
terminal at New York International Air- 
port (Idlewild). The lease runs for 27 
years. The building will be completed 
next summer. A new headquarters and 
maintenance base for Pan American's 
Atlantic Division is under construction 
at Idlewild on a 76-acre site. It will have 
air-conditioned offices and shops and a 
huge hangar capable of accommodating 
ten of the largest air liners. There will 
be parking space for 23 additional air- 
planes....Pan American World Airways 
has been selected by the United States 
Olympic Committee to fly more than 350 
American athletes, trainers, and officials 
to the Olympic games in Melbourne, 
Australia, in November. 


e Pesco Products Division, Borg-Warner 
Corporation, has opened offices in Los 
Angeles, Seattle, and Wichita, Kan., to 
handle sales of its fuel pumps, hydraulic 
pumps, and other products 


e J.B. Rea Company...The Data Storage 
Devices Division announces a new line of 
multiple-channel magnetic recording and 
playback heads for a variety of uses, in- 
cluding computer input-output equip- 
ment, memory drums, discs, and telemeter 
recording. The audio field also is covered 
with heads for 1/4-in. tape, 16-mm. film 
and 35-mm. film. Unique design and 
construction methods, the company claims, 
have eliminated all the major disadvan- 
tages previously existing in magnetic 
heads 


e@ Republic Aviation Corporation...The 
Guided Missiles Division has moved its 
main engineering and administrative 
offices from Hicksville, Long Island, N.Y., 
to a two-story building in nearby Mineola 
Robert G. Melrose, MIAS, General Mana- 
ger of the Guided Missiles Division, said 
that his engineering staff will be greatly 
expanded. Two current projects are the 
development of an air-to-air missile system 
and of a fire-control system for directing 
an air-borne missile toward a target on 
sea or land....The Guided Missiles Div'- 
sion is producing for the Navy a low-cost 
bombing training device called the “prac- 
tice bomb dispenser.’’ Shaped like an ex- 
ternal fuel tank, it is packed with elec- 
tronic equipment and carries practice 
bombs which are released through bomb 
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bay doors. The entire device can be 
shackled to any one of a number of opera- 
tional Navy fighter-bombers, which makes 
it highly practical for field use. The 
bombing trainer carries four small prac- 
tice bombs which weigh only 56 Ibs. each 
$20 each. The electronic 
equipment registers the simulated bomb 
drop on the pilot’s cockpit instruments. 
Republic is developing a similar unit for 
the Air Force. 


and cost only 


e Ryan Aeronautical Company reports one 
of its Firebee jet target drones made a 
record flight of 105 miles from its remote- 
control station at the Naval Air Missile 
Test Center, Point Mugu, Calif. Con- 
trolled by radio from the beach, the mis- 
sile flew 105 miles to sea at an altitude of 
20,000 ft. and a speed of 300 m.p.h. and 
then was turned back and retraced its route 
for a total run of 210 miles. A jet plane 
escorted the Firebee, which had been 
launched in the air from a Navy JD-1 
plane. A short distance from shore, the 
Firebee’s automatic parachute was _ re- 
leased, and the target was recovered by 


IAS NEWS 


a Navy boat. It was the tenth mission 
for this particular “bird.” 

e Sperry Gyroscope Company Division of 
Sperry Rand Corporation...The first SP- 
30 electronic flight-control system, a 
prototype, will be delivered to Douglas 
Aircraft Company, Inc., this fall. It was 
designed for the Douglas DC-8 jet air 
liner and eventually will be installed in 
114 DC-8's ordered by 11 air lines. The 
lightweight, transistorized SP-30 system 
will permit “hands off’? control at all 
cruising speeds and altitudes. 

e@ Weber Aircraft Corporation has licensed 
R. E. Atckison, of Los Angeles, to manu- 
facture and sell Weber Aercramps. Made 
in two sizes, the Aeroramp is a movable 
passenger stairway for air liners. 

e Westinghouse’ Electric Corporation 
plans to build a four-story wing on its 
new Research Laboratories at Churchill 
Borough, Pa., near Pittsburgh. The wing 
of 150,000 sq.ft. will house the Materials 
Engineering Department, which finds 
practical applications for new and im- 
proved materials. 


IAS SECTIONS 


Hagerstown Section 


Claude S. Huber has been elected 
Chairman of the Hagerstown Section. 
The other new officers are J. A. Neilson, 
Vice-Chairman; R. W. Bradham, Secre- 
tary; and E. F. Kuklewicz, Treasurer. 

Members of the new Advisory Com- 
mittee are Louis Fahnestock, E. R. 
Gelvin, Phil Harr, T. W. Sisson, and 
G. W. Westphal. The Representative 
to the Nominating Committee for Area 
Councilors is R. A. Darby. 

There were 250 members and guests at 
the June 19 meeting. Program Chair- 
man W. H. Arata, Jr., introduced the 
speakers, who made up a forum repre- 
senting and discussing the various divi- 
sions of Fairchild Engine and Airplane 
Corporation. 

Louis Fahnestock, Director of Proj- 
ects Administration, discussed the Air- 
craft Division; Charles W. Fass, Jr., 
Customer Relations Manager, the Stra- 
tos Division; A. W. Doherty, Contracts 
and Service Manager, the Guided Mis- 
siles Division; Norman E. Briggs, As- 
sistant Manager, Gas Turbine Division, 
the Engine Division: and Paul J. Friz- 
zell, Vice-President, Fairchild Engine 
and Airplane Corporation, the Kinetics, 
Speed Control, and Electrotechnics Divi- 
sions and the Fokker Aircraft, Transair 
System and Armalite Groups. 

The purpose of this forum was to dis- 
cuss current and planned programs of 
each division of Fairchild Engine and 
Airplane Corporation. Each speaker 
related the activities of his particular 
division. At the conclusion of each 


brief talk, the forum was open for gen- 
eral discussion. 
C. L. CHUMLEY 
Secretary-Treasurer 


Hampton Roads Section 


The Hampton Roads Section cli- 
maxed an eventful vear of activities 
with a dinner dance held at the Wil- 
liamsburg Lodge on June 30. Sixty- 
seven members and guests of the sec- 
tion attended the affair. 

The results of the election of new 
officers were announced by Chairman 
Albert L. Braslow. These newly-elec- 
ted officers are: Chairman, Richard E. 
Kuhn; Vice-Chairman, Lewis R. Fisher; 
Corresponding Secretary, Paul A. Hun- 
ter; Recording Secretary, Richard T. 
Whitcomb; and Treasurer, Axel T. 
Mattson. The Advisory Board is com- 
posed of Jean A. Roché, Melvin N. 
Gough, Charles H. Zimmerman, Hartley 
A. Soulé, Samuel Katzoff, Emanuel 
Boxer, and Albert L. Braslow. 

The speaker for the meeting was 
Melvin N. Gough, a Fellow of the Insti- 
tute and Chief of the Flight Research 
Division of the NACA Langley Aero- 
nautical Laboratory. Aside from being 
a speaker of note, Mr. Gough has a 
background of many years of flight- 
test and flight-operations experience. 

Mr. Gough introduced his talk by 
indicating that, in keeping with the 
aims and objectives of the IAS to ‘‘ad- 
vance the arts and sciences of aero- 
nautics by any and every act,” he was 
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dedicating his remarks to the ladies. 
Describing briefly the place which 
aviation has earned in the field of trans- 
portation, Mr. Gough pointed out that 
a great selling job still remains to be 
done and that the aviation horizon is 
unlimited. The future and the very 
survival of mankind depend upon 
creative imagination—a field in which, 
in every walk of life, women have 
proved more capable than men. In 
the comparatively new and rapidly 
growing field of human engineering, 
women have become indispensable. 

In concluding his ‘“‘Aviation Message 
to the Ladies,’’ Mr. Gough emphasized 
the contributions of aviation to a better 
future by reference to the article by 
Kurtz entitled ‘“‘Towards Tomorrow.” 
Throughout the talk, humorous anal- 
ogies favorable to the ladies were 
made to broaden their understanding 
and that of the scientists to whom these 
ladies were socially dedicated. This 
cause is, after all, applied imagination. 

The speaker was introduced by Law- 
rence K. Loftin, Jr., Program Chairman. 

Lewis R. FISHER 
Recording Secretary 


Seattle Section 


The June 30 meeting was held at the 
Nike missile site at Midway. The mis- 
sile site, occupying 50 acres, is divided 
into two areas—control and launching. 
Tours were conducted through both 
areas. The tours ended with a drill 
demonstrating the action taken when 
an alert is sounded upon the approach 
of enemy aircraft. 


ELAINE GETHING, Secretary 


Washington Section 


Thomas L. K. Smull, of the NACA, 
has been elected Chairman of the Wash- 
ington Section for 1956-1957. 

The other new officers are: Vice- 
Chairman, Capt. Alfred B. Metsger, of 
the Navy Bureau of Aeronautics; 
Secretary, George T. Hayes, of Stanford 
Research Institute; and Treasurer, 
Gerald L. Desmond, of the Bureau of 
Aeronautics, 

Members of the Advisory Board are A. 
Wiley Sherwood, of the University of 
Maryland faculty; Abraham Hyatt, of 
the Bureau of Aeronautics; Capt. S. S. 
Sherby, USN; and S. Scott Hall, of the 
British Ministry of Supply Joint Serv- 
ices Mission. 


| Attention Members! 


All members of the Institute are 

invited to submit material concerning 

| their activities for publication in the 
| “News of Members” columns of the | 
| Aeronautical Engineering Review. 
| 
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STUDENT BRANCHES 


The Aeronautical University 


The Student Branch sponsored a field 
trip with SAE student members to the 
plant of the Standard Oil Company, 
Whiting, Ind., on June 12. Knute C. 
Hansen, an Aeronautical Engineering 
Instructor, acted as Faculty Adviser for 
the trip. 

William Obermiller, of Standard Oil 
Company, conducted the group through 


the Whiting Refinery area of 1,660 
acres. Observations were made of 
crude distillation, sweetening opera- 


tions, catalytic and thermal cracking, 
lube oil treating, phenol extraction, 
propane dewaxing, and motor-oil blend- 
ing units. Along the tour Mr. Ober- 
miller described the process by which 
these units change crude oil into prod- 
ucts that serve the people. 

After lunch in the administration 
building, the group was conducted 
through the engineering building and 
research laboratory by the laboratory 
staff. 

Research in refining processes of high- 
octane gasoline for aircraft engines was 
shown by Sam Young, Standard Oil 
chemical engineer, who explained the 
various oil tests on engines. Mr. 
Young conducted a tour of the engine 
laboratory. 

Chairman Clarence Gorski was in 
charge of arrangements for the field 


trip. James Kilar, Chairman of the 
SAE Student Branch, provided the 
transportation. 

The following officers have been 
elected for the coming school year: 
Chairman, Clarence P. Gorski; Vice- 


Chairman, Jesse C. Fugate; Secretary, 
Scott F. Hoo; Treasurer, Arnold E. 
Pryhuber; and Faculty Adviser, Alfred 
Stott. 

Thirty student members of the SAE 
attended a joint meeting with the IAS 
on May 29, when plans were discussed 
for the visit to the Standard Oil re- 
finery. 


Scott F. Hoo, Secretary 


Alabama Polytechnic Institute 


New students were invited to the first 
meeting of the summer quarter on June 
26. Officers of the Student Branch ex- 
plained the advantages of IAS member- 
ship. 

Ray Sanders, of the Aeronautical 
Engineering faculty, spoke on ‘‘Aerial 
Application in Agriculture.” 

The following officers have been 
elected for the summer and fall quarters: 
Chairman, Don Spring; Vice-Chairman, 


Wayne Patterson; Recording Secre 
tary, John Barnes; and Corresponding 
Secretary, Charles Holleman. 

The following Committee Chairmen 
have been appointed: Publicity, Irwin 
Strickland; Projects, Gerald Mosely; 
Meetings and Papers, Wayne Patterson; 
and Attendance, John Barnes. 

New members of the Student Branch 
are Franklin M. Keller, James O. 
Romine, and Kelton C. Bruce. 


Joun A. BARNES 
Recording Secretary 


Boston University 


What should you expect when you 
graduate? To gain some insight into 
this oft-posed question, Jean Duvivier, 
a 1955 graduate of Boston University’s 
College of Industrial Technology, 
asked to 


was 
“A Brief Outline of 
One Graduate’s Experience’ at the 
April 16 meeting. Mr. Duvivier is em 
ployed in the Aeroelasticity Laboratory 
at M.I.T. His work has to do with 
stress problems arising from heat. 
When he started work, Mr. Duvivier’s 
feeling bafflement. His 
first 4 or 5 months were consumed in 
poring through texts and other printed 
material in an attempt to gather the 
necessary information with which to 
start work on the problems he had 
been given. This process seems to be 
universal for the recent college graduate. 
He felt that the most important piece 
could offer to under 
graduates was that they should acquire 
as thorough and extensive a mathe- 
matical background as possible. Much 
training and research is needed to be 
come efficient, proficient, and useful in 
any job, and a good background in ap- 
plied mathematics is a prerequisite to 
the accomplishment of these objectives. 
Specifically, Mr. Duvivier’s present 
work has to do mostly with the effect 
of heat on helicopter blades. The 
strength of the component material de- 
becomes hotter. As the 
thermal capacity is reached, the metal 
fails. The total problem is composed of 
three subproblems which concern the 
three types of heat transfer: (1) radia 
tion, or transfer from body to 
body; in particular, energy transmitted 
from the sun to a body; (2) convection, 
the transference of heat by moving 
masses of matter; and (3) conduction, 
the transmission through or by means 
of a conductor—i.e., internally. There 
are a number of methods that may be 
used to solve the total problem, among 
which are pure mathematical solution, 
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To the 
ENGINEER 
of high 
ability 


Through the 
efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields, 
Among them are: 
air-conditioning 
pressurization 
heat transfer 
pneumatic valves and 
controls 
electronic computers 
and controls 


turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products. 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
... mechanical engineers 
... mathematicians ... specialists in 
engineering mechanics... . electrical 
engineers... electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 


Address Mr. G. D. Bradley 


CORPORA: 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 
DIVISIONS 
AiResearch Manufacturing, 
s Angeles 
AiResearch Manufacturing, 
Phoenix 
AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 
AiResearch Aviation 
Service 
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CABIN AIR COMPRESSORS * TURBINE MOTORS 
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Nobile gas turbine power cart 


takes only 30 seconds to start giant B-52 jet engines 


The AiResearch MA-1A mobile gas 
turbine compressor, the first unit of 
its kind qualified by the Air Force to 
start the intercontinental B-52 bomb- 
ers of the Strategic Air Command, 
is now in volume production at the 
AiResearch Manufacturing Division 
of Arizona. 

Entirely self-contained, it furnishes 
acompletely automatic source of com- 
pressed air power at the point of use. 
All components, parts and accessories 


THE 


Designers and manufacturers of aircraft systems and Components: REFRIGERATION SYSTEMS * PNEUMATIC VALVES AND CONTROLS * TEMPERATURE CONTROLS 
CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT * ELECTRO-MECHANICAL EQUIPMENT © ELECTRONIC COMPUTERS AND CONTROLS 


* GAS TURBINE ENGINES * 


are included in the fully-enclosed 
weather-proofed trailer. 

The mobile unit weighs only 1150 
pounds and may be controlled either 
from the instrument panel or from a 
remote control panel. It will start and 
maintain continuous operation at 
ambient temperatures_ranging from 
—65°F to 130°F, together with the 
other extremes of environmental 
conditions encountered at airports 
throughout the world. 


The two-stage gas turbine compres- 
sor may be removed easily from its 
trailer for use in other vehicles or as 
a stationary unit. It has an output 
capacity of 120 pounds per minute 
flow at 50 psia...enough power to 
meet all ground service needs for a 
modern airplane. 

Write to our Sales Planning De- 
partment for further information on 
this product. 

Qualified engineers are needed 
now. Write for information. 


Cee TION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


we 
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electronic 
Problems 


receive IMMEDIATE and SPECIAL ATTENTION 
in DEVELOPMENT and PRODUCTION of 
GUIDED MISSILE Components: 


FUEL CUT-OFF RECEIVERS, TELEMETERING 
TRANSMITTERS, POWER SUPPLIES FOR BEACONS. 
RADAR TEST SETS 
SPECTRUM ANALYZERS 
SIGNAL GENERATORS 
FREQUENCY COUNTERS 


And other devices now in production for Army, Navy and Air 
Forces on prime and sub contracts. 


MANCHESTER 


NEW HAMPSHIRE 


NORTHEASTERN ENGINEERING INC. 


NOW! 


over million 
Microdot coax 
combinations 


Microdot cuts design time by multiplying 
possibilities with the world’s smallest, 
lightest microminiature coax connectors 
and cables available at 50, 70 or 93 ohms to 
meet your rigorous environmental require 
ments. Write today for applications data 


1/3 BNC diameter 
1/10 BNC weight! 

Formulas UPON REQUEST 

Applications 

Engineering Data 

Screw Torque Data 

Adapter Problems 

General Principles 


pa [Sturtevant | MICRODOT 


1826 FREMONT AVENUE 
ADDISON [QUALITY/ /LLINOIS SO. PASADENA * CALIF. 


Manufacturers of over 85°%o of the torque 
wrenches used in industry 
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numerical approximation, computer 
and experimental approach 

To illustrate the advancement in de 
sign of helicopter blades, Mr. Duvivier 
brought along several blade sections 
The most recent type was a laminated 
blade section. The resinous glue useq 
in this section provides more strength 
than rivets. 

When asked about his preference be. 
tween research and industry, Mr. 
Duvivier had this to say. He per. 
sonally would rather be building air- 
planes, but he feels that research is giy 
ing him a sound background. Doing re 
search at M.I.T. has the added advan- 
tage of locating him in a situation in 
which he finds it a simple matter to 
carry on graduate study. One further 
advantage to the research situation, he 
feels, is that it is more leisurely as far 
as pressure for answers is concerned. 
There is more pressure in industry to 
produce. 

During the business meeting, next 
vear’s officers were elected: Frank Car- 
done, Chairman; John Ladd, Vice- 
Chairman; Frank Nichols, Secretary- 
Treasurer. 


ANNE EVEREST, Secretary 


Indiana Technical College 


B. L. Dow, Faculty Adviser, pre- 
sented the IAS Scholastic Award to 


ANOTHER 
EASTERN ROTORCRAFT 
PRODUCT 


The Model A-2 10,000-lb capac- 
ity Cargo Net for securing low 
density shipments. Ideal for use 
with palletized loads. Supple- 
ments ERC’s other lines of 
Tyzem®) tie-down equipment 
which ranges in capacity from 
500-lb web to 25,000-lb 
chain units. 


ERC also specializes in the 
development and manufacture of 
helicopter mechanical assemblies, 
transmission test stands, cargo 
slings and release hooks. 


EASTERN ROTORCRAFT 


CORPORATION 
DOYLESTOWN, PENNA. 
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Mr. Fukumoto at the June 26 meeting. 
Movies on Lift and Drag were shown. 


At the June 12 meeting, Llovd Wade- 
kamper was appointed to replace Roy 
Krava as Chairman of the Awards 
Committee. A picnic was scheduled for 


july 15. A movie entitled The Flying 
Wing was shown. 

Alfred Rathmell presided at both 
meetings. 


WAYNE C. BOHANNON, 


Secretary 


IAS NEWS 


Parks College 


of Aeronautical Technology 


Thirty-two members attended the 
July 5 meeting at which Galen John- 
ston presided. The annual Student 
Scholastic Award was presented to 
Harry P. Mutter. 

The following officers were elected: 
Chairman, Douglas Yando; Vice-Chair- 
man, Dale Anderson; Secretary, Rich- 
ard Andres; and John 
McCooey. 

GERALD J. 


Treasurer, 


PANEK, Secretary 


ELECTED 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review. 


Elected to Associate Fellow Grade 


Ginsburg, Ambrose, B.S.M.E., Branch 
Chief, Turbine Aero., Lewis Flight Pro- 
pulsion Lab., NACA. 

Harris, Kenneth D., B.Sc. Engrg., 
Lecturer, Aerodynamics, College of Aero- 
nautics (England). 

Weyl, A. R., Consultant in Aero. Engrg. 
(England ). 


Transferred to Associate Fellow Grade 


Nagamatsu, Henry T., Ph.D. in Aero., 
General Electric Research Lab. (Schenec- 
tady); also Adjunct Prof. in charge of 
Hypersonic Experimental Research, Rens- 
selaer Polytechnic Institute. 


Elected to MEMBER Grade 


Casey, Kenneth T., M.S.E.E., District 
Sales Mgr., General Electric Co. (Utica). 

Caughey, Reed J., B.S.A.E., Struct. 
Engr., Group Leader, Fuselage, Strength 
Sect., Douglas Aircraft Co., Inc. (Long 
Beach ) 

Cole, Thomas E., B.S.M.E., Sr. Re- 
search Engr., Guided Missiles, North 
American Aviation, Inc. (Downey). 

Coppage, J. E., Ph.D. in M.E., Engrg. 
Specialist, AiResearch Manufacturing Co. 

Corrigan, Richard, Group 
Douglas Aircraft Co., Inc. (Tulsa). 

Crowder, Jeffrey, M.A., Deputy Head, 
Airframe Dept., English Electric Co., Ltd. 

Deschamps, Jacques R., Col., French 
Air Force, Member of French Delegation, 
NATO Standing Group (Pentagon). 

Devendorf, George L., B.S.M.E., Proj. 
Engr., Rheem Manufacturing Co. 

Dunn, E. Wallace, S.B., Coordinator of 
Missiles Wind Tunnel Testing, Douglas 
Aircraft Co., Inc. (Santa Monica). 
_Estes, Bruce H., B.S., Electronics 
Engr., McDonnell Aircraft Corp. 

Farmer, J. Elmo, B.S., Tech. Asst., 
Allison Div., General Motors Corp. 

Heinze, D. M., Loft Linesman, Nor- 
throp Aircraft, Inc. 


Engr., 


Jacklin, Earl M., M.S.E.E., Systems 
Evaluation Engr., Advanced Design Sect., 
Douglas Aircraft Co. (Long Beach). 

Ketelsen, R. Paul, V-P—Sales, Hydra 
Electric Co. 

Leong, Wing, B.S.M.E., Head Stress 
Engr., The Emerson Electric Manufactur- 
ing Co. 

MacFee, Fred O., Jr., Mgr., Prelim. 
Design, General Electric Co. (Lynn). 

Matthews, James T., B.S. in Aero., 
Aero. Research Scientist, Stability & Con- 
trol IV, Langley Field, NACA. 

Mead, John S., B.B.A., Sr. Operations 
Analyst, Convair, A Div. of General 
Dynamics Corp. 

Mitchell, James E., B.S., Loads Engr., 
McDonnell Aircraft Corp. 

Ollodort, M., B.S., Research Engr., 
North American Aviation, Inc. (Downey). 

Paterson, John H., Aerodynamics Engr., 
Lockheed Aircraft Corp. 

Potter, Donald L., B.S., Stress Analyst 
“A,”’ Douglas Aircraft Co., Inc. (Long 
Beach). 

Pountney, Samuel, Design Engr., Con- 
vair, San Diego, A Div. of General 
Dynamics Corp. 

Putnam, Russell H., M.S. in Ae.E., 
Aerodynamicist, Fairchild Aircraft Div., 
Fairchild Engine & Airplane Corp. 

Rohner, Gerrit J., Executive Asst. to 
V-P—Engrg., Arma Div., American Bosch 
Arma Corp. 

Rowland, Richard M., B.S., Stress 
Group Leader, McDonnell Aircraft Corp. 

Sharrah, B. S., M.S., Chief Dynamics 
Engr., McDonnell Aircraft Corp. 

Stasch, Arthur A., B.S., 
Amphenol Electronics Corp. 

Towsley, Melvyn F., M.S. in Ae.E., 
Aerodynamics Group Engr., Convair, A 
Div. of General Dynamics Corp. 

Unold, Rodney W., M.S., Proj. Supvr., 
Ford Instrument Co. 


Waldo, Robert D., 


Proj. Engr., 


MS., Sr. Engr., 


8] 


Aerodynamics 
Corp. 


Transferred to MEMBER Grade 


Duncan, Robert C., M.S. in Ae.E., 
Lt., Ord. Officer, Special Weapons In- 
structor & Tech. Liaison Officer, Heavy 
Attack Training Unit, NAAS (Sanford, 
Fla. ). 

Loesch, Franklin C., S.M., Member, 
Tech. Staff, The Ramo-Wooldridge Corp. 

Marchese, Michael A., B.S. in Ae.E., 
Applied Aerodynamics Research Engr., 
Grumman Aircraft Engineering Corp. 

Mullin, Charles H., B.S., Supvr., Jet 
Engine Dept. Marketing Research, Gen- 
eral Electric Co. (Cincinnati). 

Reid, William H., Ph.D., Physicist 
(Mech. ), Supersonic Wind Tunnel Branch, 
Ballistic Research Lab., Aberdeen Prov- 
ing Ground; Lecturer in Aero., The 
Johns Hopkins Univ. 

Rozelle, Harold L., B.S., Tech. Group 
Engr., Ryan Aeronautical Co. 

Savage, Freeland A., Jr., B. of Ae.E., 


Sect., Aerojet-General 


Engrg. Designer ‘A,’ Boeing Airplane 
Co. 

Schuler, John McHenry, B.S.E., Assoc. 
Engr., Flight Research, Cornell Aero- 


nautical Lab., Inc. 

Smith, James C., Major, USAF; R&D 
Administrator, Systems Devel., Wright- 
Patterson AFB. 

Velez, Oscar G., Dr. in Ae.E. & M.E., 
Comdr., Argentine Air Force;  Dir., 
Escuela Superior de Aerotechnica (Argen- 
tina). 


Elected to Associate Member Grade 


Ali, S. Ajaz, Sr. Inspector of Aircraft, 
Aero. Inspection Div., Dept. of Civil 
Aviation, Govt. of Pakistan. 

Crockett, David T., Jr., Military Sales 
Rep., Lockheed Aircraft Corp. 

Kennett, Howard W., Product Informa- 
tion Specialist—Presentations, Special De- 
fense Proj. Dept., General Electric Co. 
(Schenectady ). 

Reiniger, Scott H., Sales Engr., Bendix 
International Div., Bendix Aviation Corp. 

Walsh, Edward F., Engrg. Rep., Huck 
Manufacturing Co. 


Elected to Technical Member Grade 


Benskin, Ronald F., Weight Analyst, 
Engrg. Dept., Hiller Helicopters. 

Brooks, James F., B.S., Stress Engr., 
McDonnell Aircraft Corp. 

Brownell, Walter T., Jr., 
Engr. ‘“‘A,’’ McDonnell Aircraft Corp. 

Clarke, William W., Assoc. 
Douglas Aircraft Co., Inc. 

Conroy, John T., B.S. in Aero., Flight 
Test Engr., McDonnell Aircraft Corp. 

Cragin, Daniel J., B.S., Design Engr., 
North American Aviation, Inc. (Ingle- 
wood). 

Curtis, Richard L., B.S., Assoc. Engr., 
Douglas Aircraft Co., Inc. (Long Beach). 

de Carolis, Philip J., Design Illustrator, 
Avionics Research Corp., assigned to 
Engrg. Lab., AMF Co. 

Desmarest, Robert E., Stress Engineer, 
Grumman Aircraft Engineering Corp. 


B.S.M.E., 


Engr., 


|_| 
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Aveo Defense and Industrial Products combine the scientific and engineering 
skills, and production facilities of three great divisions of Aveo Manufacturing 
Corp.: Lycoming; Research and Advanced Development; Crosley—to pro- 
duce power plants, electronics, airframe components, and precision parts. 
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AVCO LYCOMING-— 
NEW 
MULTI-PURPOSE 
GAS TURBINE 


There’s a gas turbine running at Avco Lycoming, and 

it promises to power fixed wing aircraft, STOL aircraft, boats 
and tanks as they have never been powered before! Develope: 
under the sponsorship of the U. S. Army and U. S. Air Force, 
the T53 has already been selected to power the Army’s newest 
utility "copter (Bell XH40). 


Note these facts about the T53: 
e outstanding performance—825 hp. in so little space 
(length: 47.6 in.; diameter: 23 in.). Only-460 lbs. 
Uses a variety of fuels including automotive and 
aviation types, gasoline and JP-4 with a low fuel 
consumption of 0.71 lbs. per hp. per hr. 


minimum of critical materials—assures availability 
of the engine even under emergency conditions! 


rugged design features—guarantee safe operation 
under the most grueling pressures, guarantee 
a long life for the engine. 


unprecedented ease of maintenance—entire power 
turbine and combustor may be removed as an 
assembly for inspection and maintenance in the field. 


versatility—available with front-end take-off or rear-end 
take-off or simultaneous power extraction at both ends. 


The turbine age is here! Developed by the men who built the 
first mass-produced jet engine to fly—built by the manufacturer 
whose reciprocating engines drive more different types of 

fixed and rotary wing aircraft than any others in the world— 
Lycoming’s T53 may solve your future power problems, now! 


ane = eS h Phone, wire or write for turbine booklet to Avco Lycoming, 
| Stratford, Conn. 


defense and industrial products 


TODAY'S MILITARY SERVICES, WITH THEIR TREMENDOUS TECHNOLOGICAL AD~ 
VANCES MADE POSSIBLE THROUGH SCIENCE, OFFER A VITAL REWARDING CAREER 
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' AVAILABILITY. Standard rectangular Blue 
Ribbons are available in 8, 16, 24 and 
32 contacts, guide pin or barrier 
polarization. Micro-Ribbons (size 
reduction shown above): 14, 24 and 36 
contacts. Circulars (shown right, half- 
size) offer a compact arrangement of 
50 contacts for special applications. 


SOLVE 


Sub-assembly plug-in 


PROBLEMS 


Wherever rack and panel connectors are needed, specify 
Blue Ribbons for outstanding performance. Blue Ribbons 
provide easy, smooth insertion and extraction even in 
blind entrance locations. Contacts are self-wiping, 
self-cleaning, flexing members that provide double contact 
action at all times. Blue Ribbons are tough, durable 
connectors with proved ability to take abuse—offer 
outstanding reliability. Dielectric material is diallyl 
phthalate; all contacts are gold-plated for best 
electrical performance. 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 


Canada: AMPHENOL CANADA LIMITED toronto 9, ontario 
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USAF; Missile Test Range Safety Officer, 
Air Force Missile Test Center, Patrick 
AFB. 
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PROCEEDINGS OF THE 


FIFTH INTERNATIONAL AERONAUTICAL CONFERENCE 


This 560-page permanent bound volume contains the complete papers and technical discussions pre- 


sented during the Joint |AS-RAeS Conference held in Los Angeles, June, 1955. 


Limited Quantity — Order Early 


Price: $15 (IAS members), $20 (nonmembers) 


Publications Department 


Institute of the Aeronautical Sciences, Inc. 


2 East 64th Street, New York 21, N.Y. 
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Aeronautical Reviews 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 

The AERONAUTICAL ENGINEERING IN- 
pEx, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


) THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
2 They are not for sale but are made 
available through the facilities of 
the Library. 

LENDING SERVICES: Institute 

members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
.2 and those IAS publications that 
may be purchased. 
Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
YTOLOK these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64 Street 
New York 21, New York 


A Guide to the Current Literature of 


PERIODICALS & REPORTS... 


Aeronautical Research and Engineering 
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There is no one “cure all” for system instability. The desired stability of a 
servo loop is attained through the proper selection of components that satisfy 
the various conditions under which the loop will operate. Kearfott offers four 
basic motors and combinations for providing system stability. All feature high 
speed of response; low inertia and high stall torque. 


SYSTEM 
STABILITY 


SERVO MOTORS: Servo motors with high torque 
to inertia characteristics possessing (built-in) 
inherent damping ranging in size from %" to 
134" diameter are available. Low speed, low 
power motors for use in simple instrument servos 
where high damping and/or low time constant is 
required can also be provided. 


VISCOUS DAMPED SERVO MOTORS: Provide 
integral viscous damping for simple instrument 
servos. Any degree of damping can be provided. 
These units reduce no load speed of standard 
motors to 50% or 75% of normal, providing 70% 


or 50% of critical damping respectively. 


(shown approximately 
size) 


(shown % size) 


INERTIAL DAMPED MOTORS: Integral inertial- 
ly damped motors for use in high speed and/or 
high gain servo systems—damping on acceleration 
Sor deceleration basis with little loss in normal 
no load speed. These units make possible system 
cut off frequencies up to 25 cps using magnetic 
amplifiers. 

(shown 's size) 


SERVO MOTOR TACHOMETER GENERATORS: 
For system stabilization by voltage feedback from 
an integral tachometer generator. May be ob- 
tained as damping generators for use in simple 
rate servos or as rate da mping generators for use 
in very high gain systems. The latter feature high 
linearity, high output and maximum output to 
fundamental null ratios. 


These servo motors are suitable for most exacting 
requirements. Write today for descriptive bulletin 
giving data of components of interest to you. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Her- 
metic Rotary Seals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 


earfott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Soles and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ili. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Colif. 


SEPTEMBER, 


1956 


Acoustics, Sound, & Noise 


Noise, Vibration, and Aircraft Struc. 
tures. Arthur A. Regier. (JAS 24th 
Annual Meeting, New York, Jan. 23-26 
1956, Preprint 631.) Eng. Rev., 
Aug., 1956, pp. 56-61. 28 refs. Review 
of the basic factors in terms of the response 
of systems to various types of input, near 
field characteristics of various noise 
sources, vibration modes, and fatigue 

Theory of the Rocket-Grenade Method 
of Determining Upper-Atmospheric Prop- 
erties by Sound Propagation. G. |. 
Groves. J. Atmos. & Terrestrial 
May, 1956, pp. 189-203. 

Supersonic Bangs. II. P. Sambasiva 
Rao. Aero. Quart., May, 1956, pp. 135 
155. Extension of the nonlinear theory of 
supersonic bangs, for a body accelerating 
along a straight path, to include 
paths 


Aero 


Phys, 


curved 


Aerodynamics 
Aerothermodynamics 


Heat Transfer in Compressible Laminar 
Boundary Layers. I. S. Lal. J. Aero. 
Soc. India, Feb., 1956, pp. 1-17. 23 refs. 
Analysis of skin friction and heat transfer 
in a two-dimensional compressible bound- 
ary layer without restrictions on Mach 
Number, Prandtl Number, or 
gradient in the external flow 

Effect of Prandtl Number on the Heat 
Transfer Properties of a Turbulent Bound- 
ary Layer When the Temperature Distri- 
bution Along the Wall is Arbitrarily As- 
signed. C. Ferrari. ZAMM, Mar.-Apr., 
1956, pp. 116-135. 16 refs 

Asymmetric Heat Transfer to Gases in 
Turbulent Flow Between Parallel Plates. 
Henry Barrow. J. RAeS, June, 1956, 
pp. 413-415. Theoretical analysis assum- 
ing fully developed flow in a parallel chan- 
nel of infinite aspect ratio 

Thermal Problems of High-Speed 
Flight. J. W. Rizika. Tech. Rev., June, 
1956, pp. 403-406, 428, 430, 432, 434 
Discussion covering aircraft thermal re- 
quirements, internal and external heat 
sources, propulsion systems, heat sinks, 
heat pumps, and other cooling methods 

Transpiration Cooling Experiments in a 
Turbulent Boundary Layer at M = 3. B 
M. Leadon and C. J. Scott. J. Aero. Sci., 
Aug., 1956, pp. 798, 799. Measurement 
of the turbulent recovery factor and heat- 
transfer rate made on a porous flat-wall 
section using both air and helium as the 
transpired gas. 

Problems of Aerophysics in the Hyper- 
sonic Region. John W. Bond, Jr. Aero 
Dig., June, 1956, pp. 21-25. Consider- 
ation of the effects of the state of air in the 
shock region, flow field and transport prop- 
erties, and the shock front and boundary 
layer on a hemisphere-cylinder 


pressure 


Boundary Layer 


Boundary Layer. L. G. Loitsianskii 
(Translation from Mechanics in the USSR 
Over Thirty Years, 1917-1947, pp. 300 
320.) U.S., NACA TM 1400, May, 1956. 
29 pp. 70 refs. Comprehensive bibliog- 
raphy covering research in USSR, with a 
review of the most important results ob- 
tained in the development of the theory of 
the boundary layer. 
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2220 HANDS work together 
at Chandler-EKvans 


... to produce the finest 


AIRCRAFT FUEL 
CONTROL SYSTEMS 
and COMPONENTS 


Here at the Chandler-Evans plant in West Hartford, 
young, aggressive and imaginative engineers join 
forces with seasoned specialists who contribute val- 
uable experience gained in years of significant 
achievement. Here, RESEARCH works in completely 

equipped, modern laboratories to provide the 
advanced data on which ENGINEERING bases 
always newer, finer designs. And PRODUCTION 
converts these designs into the precision fuel con- 
trol systems and aircraft components that have 
played a vital part in establishing so many of the 


important “firsts” in aviation’s progress. 
Son 


When you work with CECO, t will 
your projects are in good hands! 


CHARTER OAK BOULEVARD, WEST HARTFORD 1, CONN. 
Makers of Jet Aircraft Accessories Produced Today 


to Meet Tomorrow’s Progress 
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The Laminar Boundary Layer on Oscil- 
lating Plates and Cylinders. M. RB. 
Glauert. J. Fluid Mech., May, 1956, pp 
97-110. Theoretical investigation of the 
two-dimensional, laminar boundary layer 
on an infinite plate normal to an oncoming 
stream, the plate making transverse oscil- 
lations in its own plane, and derivation of a 
solution, containing the frequency of oscil 
lation as a parameter and depending on a 


single, ordinary differential equation 
which satisfies the full Navier-Stokes 
equations 


On the Boundary-Layer Equations of a 
Very Slender Body of Revolution. S. I. 
Pai. J. Aero. Sci., Aug., 1956, pp. 795, 
796. Solution of boundary-layer equa- 
tions of a steady, axially symmetric com- 
pressible fluid flow over a body of revo- 
lution whose radius is of the same magni- 
tude as the thickness of the boundary 
layer. 

Couche Limite Turbulente: Corréla- 
tions Spatio-Temporelles Doubles, Spec- 
tres. A. Favre, J. Gaviglio, and R 
Dumas. Recherche Aéronautique, 
Nov.-Dec., 1955, pp. 3-14. 11 refs. In 
French. Measurements of longitudinal 
components of velocity in the boundary 
layer on a flat plate with zero pressure 
gradient. The transition is _ initiated 
either by controlled turbulence down- 
stream of the plate or by asperities on the 
leading edge. 

Grenzschichtuntersuchungen an zwei 
schiebenden, unendlich langen Fliigeln in 
inkompressibler Strémung. Nickel. 
DFL Inst. ftir Aero. Bericht No. 56/12, 
Apr. 18, 1956. 41 pp. In German. 
Investigation of the boundary layer on two 
yawed, infinitely long airfoils in incom- 
pressible flow. 

Obliczanie Charakterystycznych Wiel- 
kosci Warstwy PrzySciennej Burzliwej na 
Podstawie Wynikéw Badafii Doswiad- 
cezalnych. Wojciech Brzozowski. Arch. 
Budowy Maszyn (Warsaw), No. 2, 1956, 
pp. 165-189. In Polish. Description of 
a theoretical method of correcting the 
characteristic quantities of the turbulent 
boundary layer by using Bury’s formula 
and the mean gradient of static pressure 
along the perimeter of the section. The 
method is based on the results of an ex- 
perimental investigation on a model of a 
blade with an NACA 0012 section. 

Delay of the Stall by Suction Through 
Distributed Perforations. August Ras- 
pet, Joseph J. Cornish 3rd, and Glenn D 
Bryant. (JAS 24th Annual Meeting, 
New Vork, Jan. 23-26, 1956, Paper.) 
Aero. Eng. Rev., Aug., 1956, pp. 32-39 
14 refs. 


Control Surfaces 


Mixing and the Jet Flap. B. S. Strat- 
ford. Aero. Quart., May, 1956, pp. 85 
105. Study of the problem of discrepancy 
in thrust between idealized theory and 
experimental results attributed to the mix- 
ing with the surrounding flow of the thin 
two-dimensional jet while still in close 
proximity to the airfoil. 

Some Further Jet Flap Experiments. 
N. A. Dimmock. Gt. Brit., NGTE 
Memo. M.255, May, 1956. 70 pp. Ex- 
tension of Dimmock's results of experi- 
ments on a two-dimensional airfoil with a 
12.5 per cent thick elliptical cross section 
with a narrow full-span jet slot, to the 


REVIEW 


saine type of airfoil with the jet deflection 
58.1° from the chord line. 


Fluid Mechanics & Aerodynamic Theory 


Mixed-Type Conical Flow Without 
Axial Symmetry. (Summary of the Re- 
cent Work Performed at PIBAL.) An 
tonio Ferri, Roberto Vaglio-Laurin, and 
Nathan Ness. Polytech. Inst. Bklyn 
Dept. Aero. Eng. © Appl. Mech., PIBAL 
Rep. 264, Dec., 1954. 39 pp. OSR-sup- 
ported analysis of conical flow problems 
A characteristic method is developed which 
permits rapid numerical calculations of the 
hyperbolic region. The transonic region 
is analyzed from a mathematical and phys 
ical point of view 

The Slender Elliptic Cone as a Model 
for Non-Linear Supersonic Flow Theory. 


M. D. Van Dvke J. Fluid Mech., May, 
1956, pp. 1-15. 19 refs 

Strémung von Fliissigkeiten mit tem- 
peraturabhingiger Zéhigkeit (Kiihlung 
von Olen). B. v. Schlippe. DVL Be- 
richt No. 9, Jan., 1956. 44 pp. West- 


deutscher Verlag, Kéln & Opladen, DM 
11.7. In German. Study of the rota- 
tionally symmetric, one-dimensional lam- 
inar flow of liquids, particularly of cold 
oils, taking into account temperature and 
viscosity variation 

Drift. M. J]. Lighthill. J. Fluid Mech., 
May, 1956, pp. 31-53. Theoretical in- 
vestigation leading to a simple expression 
for the secondary velocity field in the flow 
past an infinite cylinder of any cross sec- 
tion, with the upstream velocity normal to 
its axis and increasing linearly with dis- 
tance along the axis. Includes computa- 
tion and illustration of the drift past a 
sphere and tabulation of the secondary 
vorticity field in shear flow past a sphere 
Also includes a detailed study of theasymp- 
totic form of the secondary velocity field 
in the flow past any body, based on the 
Darwin result for hydrodynamic mass. 

Loi des Aires des Couples. Robert 
Legendre. La Recherche Aéronautique, 
Mar.-Apr., 1956, pp. 3-8. In French 
Analysis of the law of coupled areas 

Ecoulement Subsonique d’un Fluide 
Parfait Autour d’un Cone de Révolution. 
Robert Legendre. La Recherche Aéro 
nautique, Mar.-Apr., 1956, pp. 9-11. In 
French. Study of the subsonic flow of an 
ideal fluid around a conically shaped body 
of revolution 

Bericht iiber eine Naherungstheorie der 
Strémung um Rotationskérper ohne An- 
stellung bei Machzahl Eins. F. Keune 
DVL Bericht No. 3, Dec., 1955. 23 pp 
Westdeutscher Verlag, Kéln & Opladen, 
DM 8.80. In German. Development of 
an approximation theory of flow around 
bodies of revolution at M = 1 

On the Steady Flow Past a Sphere at 
High Reynolds Number Using Oseen’s 


Approximation. K. Stewartson. Philos 
Mag., 8th Ser., Apr., 1956, pp. 345 362 
15 refs 


On Inviscid Flow Near an Airfoil Lead- 
ing Edge or an Ogive Tip at High Super- 
sonic Mach Numbers. Abraham Kogan 
J. Aero. Sci., Aug., 1956, pp. 794, 795. 

Similarity-Rule Estimation Methods 
for Cones and Parabolic Noses. Richard 
D. Linnell and Jerry Z. Bailev. J. Aero 
Sci., Aug., 1956, pp. 796, 797. Graphical 
and analytical procedure for obtaining 
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1956 


characteristics of inviscid supersonic flows 
about cones and parabolic noses 

Les Mesures d’Ondes de Choc. | 
Mattei. La Recherche Aéronautique, 
Mar.-Apr., 1956, pp. 39-44. In French 
Schematic presentation of the pressure 
evolution in several types of perturba- 
tions, and simplifying representation of the 
phenomena by a mathematical curve 
Includes a description of the ONERA 
ballistic-wave flight-measurement program 
covering the calculation of shock waves, 
and an analysis of the possible structure of 
pressure oscillations for the determination 
of the frequency range transmitted by the 
measuring apparatus 

Diffraction of a Weak Shock with Vortex 
Generation. Nicholas Rott. J. Fluid 
Mech., May, 1956, pp. 111-128. 12 refs 
OSR-supported theoretical investigation 
of the region of finite vorticity near the 
edge of a diffracting wedge, including a di- 
mensional analysis of the dependence of the 
circulation and the velocity of the vortex 
region on the pulse strength, and an esti- 
mate of the magnitude of these quantities 
obtained by replacing the vortex region by 
a single concentrated vortex. 

Vibrational Relaxation in Oxygen and 
Nitrogen. Vernon Blackman. J. Fluid 
Mech., May, 1956, pp. 61-85. 17 refs 
Experimental investigation to determine 
the state variables for a strong shock wave 
whose Mach Number is so high that the 
approximation of constant specific heats 
is no longer applicable and to measure, 
wherever possible, the relaxation times for 
the approach to equilibrium behind the 
shock. 

Application of Scattering Theory to the 
Measurement of Turbulent Density Fluc- 
tuations by an Optical Method. Ap- 
pendix A—Relationship Between Dielec- 
tric Fluctuations and Density Fluctuations 
for Air. Appendix B—Telephotometer 
Equation for the Case of a Gaussian Corre- 
lation Coefficient. Howard A. Stine and 
Warren Winovich. U.S., NACA TN 
3719, June, 1956. 21 pp. 10 refs 

Viscous Dissipation in Turbulent Mo- 
tion. Max M. Munk. Catholic U. of 
Am., Paper, June, 1956. 27 pp. ONR- 
supported analytical investigation to de- 
rive the correct expression for the rate of 
dissipation, with a comparison with the 
pseudodissipation used in turbulence re- 
search, and an estimation of the error 
introduced by the substitution of the 
pseudodissipation. Includes discussion of 
the Laufer pipe and channel tests with 
computation of some relations from the 
results 

Ein Verfahren zur Untersuchung des 
Austauschvorganges in verwirbelten 
Strémungen hinter K6érpern mit abge- 
léster Strémung. A. W. Quick. DIL 
Bericht No. 12, Mar., 1956. 34 pp 
Westdeutscher Verlag, Koln & Opladen 
DM 8.70. In German. Development of 
a method for the solution of the exchange 
process between the outside flow and the 
flow in the vortex behind blunt bodies 


Internal Flow 


An Analysis of the Performance on an 
Axial-Flow Compressor at Low Reynolds 
Number. Robert L.Sohn. J. Aero. 
Aug., 1956, pp. 741-746, 791. Theoretical 
study of compressor performance taking 
into account the behavior of the boundary 
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laver attached to the blades. The theory 
suggests that the blade boundary layer 
forms a laminar separation bubble shortly 
downstream of the point of minimum pres 
sure, reattaching itself in turbulent form 
after the transition has taken place 

Ergebnisse systematischer Untersuch- 
ungen an ebenen Schaufelgittern. V 
Vergleich der Geschwindigkeitsverteilung 
nach Rechnung und Messung bei Pump- 
engittern aus Laminarprofilen. ©. Saffet 
Miiftiioglu. Braunschweig Tech. Hoch 
schule Inst. Strémungsmech., Rep. 54/18, 
Aug. 238, 1954. 38 pp. In German 
Comparison of the Schlichting numerical 
method for calculating the potential flow 
in cascades with Bogdonoff pressure dis 
tribution measurements on pump blading 
in laminar profiles 

Berechnung der reibungslosen inkom- 
pressiblen Strémung fiir ein vorgegebenes 
ebenes Schaufelgitter. Hermann 
Schlichting. V DI-Forschungsheft 447, 1955 
47 pp. 27 refs. In German. Develop 
ment of a simple method, based on the 
method of singularities in which each blade 
of the cascade is replaced by a continuous 
vortex and source distributions, to permit 
the varying of any of the geometric param 
eters independently of others and to pro 
vide theoretical means for investigating 
systematically the dependency of aero- 
dynamic parameters on geometric param 
eters 

On the Wake Energy of Moving Cas- 
cades. N. H. Kemp and W. R. Sears 
J. Appl. Mech., June, 1956, pp. 262-268 
OSR-supported analysis of the rate of 
energy transfer into kinetic energy of the 
vortex wakes for unsteady, two-dimen 
sional flow in cascades of thin airfoils, as 
applied to an elementary compressor 
stage consisting of two rows of blades in 
relative motion, 

Grenzschichtuntersuchungen in rotier- 
enden Kandlen und bei scherenden 
Strémungen. G. Jungelaus. Max 
Planck-Inst. fiir Stromungsforschung, Mit 
teil. 11, 1955. 67 pp. 13 refs. DM 8 
Extension of the boundary-layer theory to 
the case of plane, laminar shear flow in 
stationary or rotating passages. 

The Calculation of Converging Chan- 
nels. G. Moretti. (Aero. Argentine Com 
mun. & Inform., Nov. 29, 1954.) Gt 
Brit. MOS TIL/T4612, Apr., 1956. 17 
pp. Translation. Description of a new 
“mixed method” procedure and a com 
parison with the hodograph and general 
methods 

The Production of Duct Velocity Pro- 
files Having High Ratios of Maximum to 
Mean Velocity. J. L. Livesey, E. Parker, 
and P. K. Jones. J. RAeS, June, 1956, 
pp. 415-417. Results of an investigation 
of a particular type of baffle for the pro 
duction of symmetrical velocity profiles 
having high ratios of maximum to mean 
velocity in ducted incompressible flow. 

Vortex Structures in Pipe Flow. W.H 
Webb and R. P. Harrington. J. Aero 
Sci., Aug., 1956, pp. 792-794. Photo 
graphic investigation of artificially pro 
duced vortices in a high laminar Reynolds 
Number pipe-flow apparatus to determine 
the dynamic characteristics of vortex 
structures 

Einfluss der Bohrlochgriésse auf die 
Anzeige des statischen Druckes bei ver- 
schiedenen Reynoldszahlen. A. K. Ray. 


AERONAUTICAL REVIEWS 


Ing.-Arch., No. 3, 1956, pp. 171-181. In 
German. Study of the flow between per- 
forated parallel walls for determining the 
influence of the hole on static pressure at 
different Reynolds Numbers 

Preliminary Investigation of Short Two- 
Dimensional Subsonic Diffusers. Rich- 
ard R. Woollett. U.S., NACA RM E56- 
CO2, May 25, 1956. 19 pp. Tests over a 
range of throat Mach Numbers from 0.3 to 
0.9 to determine the pressure recovery and 
profiles associated with several types of 
extreme design, in order to extend existing 
information to higher throat Mach Num- 
bers, a larger effective diffusion angle 
(30°), and a larger diffusion area ratio 

The Oscillations of a Supersonic Gas 
Jet Embedded in a Supersonic Stream. 
D. C. Pack. J. Aero. Sci., Aug., 1956, 
pp. 747-753, 764. Theoretical analysis, 
based on the linearized equation of steady 
motion in gas dynamics, of both two-di 
mensional and axially symmetrical jets 
The analysis of the oscillations for the 
two-dimensional case sets up the proce 
dure and presents the findings of Pai and 
Kawamura in a general form, while illus 
trating some new features. A comparison 
is made between the reflection and trans- 
mission phenometia in the two-dimen- 
sional and axially symmetrical cases, and 
the flow near to and at a large distance 
from the orifice from which the jet flows is 
examined. 

Velocity Discontinuity Instability of a 
Liquid Jet. B. Dunne and B. Cassen 
J. Appl. Phys., June, 1956, pp. 577-582. 
Theoretical and experimental investiga 
tion of the origins and behavior with time 
of the velocity discontinuity instability 
which occurs when the liquid reservoir 
from which the jet issues is subjected to 
shock-wave pressure, with a resultant dis- 
continuous increase in jet velocity and 
appearance of a thin dise of liquid, normal 
to the jet axis, at the discontinuity. 

On the Thrust Due to an Air Jet Flowing 
from a Wing Placed in a Wind Tunnel. 
L. C. Woods. J. Fluid Mech., May, 
1956, pp. 54-60. 

Sur une Propriété Simple d’Adaptation 
Optimale des Ejecteurs Superso- 
niques. Kk. LeGrivésand J. Paulon. La 
Recherche Aéronautique, Mar.-Apr., 1956, 
pp. 27-30. In French. Calculation of 
supersonic ejectors applied to wind-tunnel 
and simulated altitude research and to de- 
vices for the augmentation of thrust and 
of circulation over the airfoils, with a 
comparison of experimental and theo 
retically predicted results. 


Wings & Airfoils 


The Effects of Compressibility on the 
Upwash at the Propeller Planes of a Four- 
Engine Tractor Airplane Configuration 
Having a Wing with 40° of Sweepback 
and an Aspect Ratio of 10. Armando E. 
Lopez and Jerald K. Dickson. U.S., 


NACA TN 3675, July, 1956. 38 pp. 
_Calcul d’un Profil Symétrique en 
Ecoulement Incompressible. H. Guen- 


noc. La Recherche Aéronautique, Mar.- 
Apr., 1956, pp. 138-15. In French. De- 
velopment of a method for the calculation 
of symmetrical laminar profiles having 
such previously determined geometrical 
characteristics as the radius of curvature of 
the leading edge, the dihedral at the trail- 
ing edge, and the positions as function of 
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the potential. Legendre method for sub 
sonic speeds is applied. 

Der gewélbte und verwundene Trag- 
fliigel ohne Dicke in Schallnéhe. F 
Keune. DVL Bericht No. 13, Apr., 1956 
30 pp. 15 refs. Westdeutscher Verlag, 
Kéln & Opladen. In German. Deriva- 
tion of aerodynamic data for cambered 
and twisted airfoils as an extension of the 
Jones theory of plane or pointed wings of 
low aspect ratio 

Application de la Théorie des Mouve- 
ments Homogénes au Calcul des Effets de 
Portance Pour des Ailes en Fléche Effilées. 
M. Fenain and D. Vallée. La Recherche 
Aéronautique, Mar.-Apr., 1956, pp. 17-25 
In French. Application of the theory of 
homogeneous motion to the calculation of 
the effects of lift on delta wings 

Prediction of Downwash at Various 
Angles of Attack for Arbitrary Tail Loca- 
tions. James L. Decker. (JAS 24th 
Annual Meeting, New York, Jan. 23-26, 
1956, Preprint 615.) Aero. Eng. Rev., 
Aug., 1956, pp. 22-27, 61. 10 refs. 

Application of Drag-Reduction Methods 
to Supersonic Biplanes. Appendix- 
Alternative Proof of Non-Interference of 
Certain Symmetric and Antisymmetric 
Lift and Volume Distributions. M. E. 
Graham. Douglas Rep. SM-19258, Sept., 
1955. 74+pp. 14 refs. 

The Optimum Distribution of Lift in 
Certain Prismatic Regions at Supersonic 
Speed. William W. Willmarth. J. Aero 
Sci., Aug., 1956, pp. 800, 801. 

Exact and Approximate Solutions for the 
Supersonic Delta Wing. L. R. Fowell. 
J. Aero. Sci., Aug., 1956, pp. 709-720, 
770. 14 refs. Results of a theoretical 
investigation to obtain an exact solution 
of the equations governing steady in- 
viscid supersonic flow with constant 
stagnation enthalpy about an infinitely 
thin flat delta wing with supersonic lead 
ing edges at a finite angle of attack and 
zero angle of yaw—a problem in exact 
cone field theory. The methods used are 
indicated. 

Tests in the R.A.E. 10-ft X 7-ft High 
Speed Wind Tunnel on Drop Tanks Fitted 
to Two Swept-Back Wings. I—Com- 
parison of Under-Wing and Wing-Tip 
Installations. D. E. Hartley and A. B. 
Haines. II--Comparison of Various Un- 
der-Wing Drop-Tank Arrangements. 
Staff of R.A.E. High Speed Wind Tunnel. 
Gt. Brit., ARC R&M 2951 (July, 1952), 


1956. 45 pp. 17 refs. BIS, New York, 
$2.25. 
Aeroelasticity 


Aeroelastic Problems of Low Aspect 
Ratio Wings. V-—-Application of the 
Structural and Aeroelastic Matrices to 
the Solution of Steady State Aeroelastic 
Problems. J. E. F. Farbridge, F. A 
Woodward, and G. E. A. Thomann. 47) 
craft Eng., June, 1956, pp. 196-198. 

The Behaviour of Damped Linear Sys- 
tems in Steady Oscillation. R. E. D 
Bishop. Aero. Quart., May, 1956, pp. 
156-168. Description of a_ theoretical 
method which assumes hysteretic rather 
than viscous damping, whereby the na- 
ture of damped vibration can be demon- 
strated in general terms. Includes a 
brief summary of the relevant features of 
the theory of undamped systems and an 


the F-104A 


goes steady 
with Lear 


The faster-than-thought 

speed of the Lockheed F-104A 
Starfighter has been made 
practicable by the automatic 
flight control system designed 
and produced by Lear in 
collaboration with Lockheed 
engineers. By damping out 
undesired oscillations in all 
axes more quickly than they can 
even register in a pilot’s 

brain, Lear’s 3-axis stability 
augmenter provides an ease 

of control comparable to a 
basic jet trainer. 
Lear Inc. 

Santa Monica, California 
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analysis of the hysteretic damping of 
systems with » degrees of freedom and of 
systems with small damping. 

‘Modification des Formes Propres d’une 


Structure par l’Addition de Petites 
Masses. J]. Leclerc. La Recherche Aéro- 
naulique, Mar.-Apr., 1956, pp. 45-50. 
In French. Modification of natural 


shapes of a structure by addition of small 
masses, used in the determination of the 
aircraft critical speed. 

Numerical Results for the Longitudinal 
Stability Derivatives and Stability Loci 
of a Low Aspect Ratio Rectangular Wing 
in Supersonic Flow. Lee Winograd and 
John W. Miles. Aero. Quart., May, 1956, 
pp 106-108 

A Method for the Solution of Instability 
Problems; Analysis of Pencils of Singular 
Hermitian Matrices. J. P. O. Silberstein. 
Australia, ARL Rep. SM.233, Sept., 
1955. 382 pp. Description of a procedure 
applicable to cases in which convergence 
difficulties require the use of high-order 
matrices 

On the Aerodynamic Instability of Thin 
Panels. John W. Miles. J. Aero. Sci., 
Aug., 1956, pp. 771-780. 16 refs. An- 
alysis of self-excited motion of an infinite, 
approximately plane, thin panel placed in 
compressible flow, using linearized theory. 

High-Frequency Extensional Vibrations 
of Plates. T.R.Kaneand R. D. Mindlin. 
J. Appl. Mech., June, 1956, pp. 277-283. 
Derivation of differential equations and 
boundary conditions taking into account 
the coupling between the extensional mo- 
tions and the first mode of thickness vibra- 
tion. A solution is given for the axially 
symmetric vibrations of a circular disc 
and is compared with experimental data. 

A Method of Solution for Lateral Vibra- 
tions of a Nonuniform Bar and a Circular 
Plate with Variable Thickness. Hisao 
Takeyama. J. Japan Soc. Aero. Eng., 
May, 1956, pp. 1-7. 18 refs. In Jap- 
Development of a method for 
solving analytically the lateral vibration 
equation of nonuniform bars subjected to 
axial forces, and of circular plates with 
variable thickness, which may be stressed 
axisymmetrically by rotation about their 
axis and heating, by transforming them 
into Volterra integral equations of the 
second type 

Some Integrals Relating to the Vibration 
of a Cantilever Beam and Approximation 
for the Effect of Taper on Overtone Fre- 
quencies. A. I. Martin. Aero. Quart., 
May, 1956, pp. 109-124. 


anese 


Airplane Design 


Military Aircraft 1956. Flight, June 
8, 1956, pp. 699-758. Detailed break- 


down by companies and design types of 
approximately 160 fighters, ground attack 
and fighter bombers, and reconnaissance, 
ship-borne antisubmarine, transport, and 
trainer aircraft. 

Gewichtsunterlagen fiir den Flugzeu- 
gentwurf. ©. Kohler. Luftfahrttechnik, 
Dec. 15, 1955, pp. 134-139. In German. 
Analysis of the weight problem in aircraft 
construction including wing assembly, 
fuselage, additional weight for pressurized 
cabins, tail assembly, control systems, 
and landing gear. 

The Comet 4 Design and Operational 
Considerations. R. E. Bishop and J. 


Cunningham. (CAI Annual Gen. Meei- 
ing, Montreal, May 4, 1956.) Can. Aero. 
J., June, 1956, pp. 197-206. An account 
of the Comet 4 capabilities, structural de- 
sign, engine installation, control systems, 
some of the more important improvements 
over earlier aircraft, and Comet flying ex- 
perience. 

The Vickers Viscount. J. H. Sinclair. 
J. SLAE, May, 1956, pp. 3-12, 18, cuta- 
way drawings. Abridged. General dis- 
cussion of the Vickers Viscount aircraft, 
with description of the ‘‘630" and ‘700"’ 
prototypes, the performance of the ‘‘700,”’ 
and the Viscount’s electrical installation. 
Includes a review of the closely related 
development of the Dart and the Viscount 
engines and an outline of plans for the 
next decade. 

Vickers Vanguard; Preliminary Details 
of Commercial and Design Characteristics. 
Flight, June 1, 1956, pp. 671-676. In- 
cludes a detailed description of the struc- 
ture, turboprop power plants, pay-load 
accommodation, fuel and hydraulic 
tems, flying: controls, pressurization 
air-conditioning systems, deicing, 
overall performance and weights. 

Westland Wyvern; Design and De- 
velopment of the Navy’s Turboprop 
Strike Aircraft. Flight, June 15, 1956, 
pp. 774-779, cutaway drawings. 
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Air Conditioning & Pressurization 
An Expander-Compressor Method of 


Air Cooling. R.S. Macdonald. Cornell 
Aero. Lab. PR HG-591-S-2, Dec. 21, 
1954. 21 pp. Development of a method 


of air cooling which reduces the air temper- 
ature by an adiabatic expansion through 
an expansion turbine. 

A Survey of Possible Refrigerants for 
High-Temperature Application. J. Van 
Winkle. ASME Semi-Annual Meeting, 
Cleveland, June 17-21, 1956, Paper 56-SA- 


12. 6 pp. Results of the refrigerant 
study indicate that mercury and alkali 
metals, ‘‘Nak’’ alloy, fluorinated- 


chlorinated hydrocarbon compounds are 
the best materials for conventional vapor- 
cycle systems operating at high sink tem- 
peratures required in supersonic air 
frames. 

A Comparison of Refrigerants When 
Used in Vapor Compression Cycles Over 
an Extended Temperature Range. J. P. 
Barger, W. M. Rohsenow, and Kk. M. 
Treadwell. ASME Semi-Annual Meet- 
ing, Cleveland, June 17-21, 1956, Paper 
56-SA-6. 5pp. 

Turboconditioning Systems with Vapor 
Compression Cycles. J. P. Barger, W. 
M. Rohsenow, and K. M. Treadwell. 
ASME Semi-Annual Meeting, Cleveland, 
June 17-21, 1956, Paper 56-SA-7. 17 
pp. Comparison of the relative per- 
formance and possible configurations of 


turboconditioning systems for cooling 
supersonic aircraft. Numerical values 
for the performance of eight different 


system arrangements at Mach Numbers 


2,3, and 4 are presented. 


Landing Gear 


Landing Gear Design. Harry M. 
Turner. Aero Dig., May, 1956, pp. 36- 
38, 40. Description of a preventive engi- 
neering plan emphasizing the service life 
factors and fatigue requirements 
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The Constellation Landing Gear. Lock namics as it affects the airplane in pitch, 
heed Field Serv. Dig., May-June, 1956, in order to derive a method of predicting 
pp. |-14. Description of components, the pilot transfer function during pitching 
features, and geometry of the landing flight. The longitudinal stability of the 
gear; outline of important adjustment human-pilot-aircraft combination is de 
checks; discussion of emergency operation tailed, taking into consideration the type 
procedures to be carried out at unsafe of control the pilot attempts to apply and 
landing gear indications; and certain the physiological factors of reaction time 
maintenance recommendations and muscular lag 


: Transthoracic Pressure in Man During 
Operation & Performance Rapid Decompression. Ulrich C. Luft 


YC-121F Limited Phase II Performance and Richard W. Bancroft. Av. Med., 


Evaluation. Lee H. Erb and Reese S June, 1956, pp. 208-220. 24 refs 
Martin. USAF FTC TR 56-9, June, The Direct Interpretation of the Fast 
1956. 50 pp. Performance analysis of a Vital Capacity Record. R. J. Shephard 
standard transport aircraft modified as a Gt. Brit., RAE FPRC Rep. 956, Feb., 
test-bed for Pratt and Whitney T-34-P-6 1956. 32 pp. 22 refs. Examination of 
turboprop engines. errors underlying the spirometer measur- 
The Turbine-Propeller Combination in ing method, and study of the stability of 
the Air Force. Roy J. Wellman. (JAS various F.V.C. parameters by repeated 
24th Annual Meeting, New York, Jan. 23 pneumotachograph measurements on a 
26, 1956, Preprint 584.) Aero. Eng. small group of normal subjects 


Rev., Aug., 1956, pp. 40-43, 61 


Computers 
Aviation Medicine 


The Integrated Use of Analog and 


The Development of the Pressure Suit Digital Computing Machines for Air- 
for High Altitude Flying. T. W. Walker craft Dynamic Load Problems. Bernard 
Project Engr., May, 1956. 10 pp. Re Mazelsky and Robert F. O'Connell. J 
view of developments in pressure suit Aero. Sci., Aug., 1956, pp. 721-740, 780 
design in the United States, England, Analog-to-Digital Conversion. Martin 
France, Italy, and Germany from 1920 to L. Klein, Frank K. Williams, and Harry 
1945. C. Morgan Instruments © Automation, 

The Human Pilot and the High-Speed May, 1956, pp. 911-917. Description 
Airplane. James L. Decker. /. Aero. and comparison of the time, voltage, feed 
Sc., Aug., 1956, pp. 765-770. Theo- back, and space encoding techniques in 
retical investigation into human dy- terms of their principles and operation, 
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These electrical connectors are designed and built to 
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operating conditions. AN "A" 
Well recognized for outstanding characteristics of General Duty 
resistance to moisture and vibration, these connectors 
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Electric Analogies for Mechanical 
Structures. Gilbert D. McCann. [S4 
J., May, 1956, pp. 161-164. Comparison 
of loop and nodal types, and detailed 
consideration of the nodal system in 
terms of the general form of RLC nodal 
circuits, properties of line coordinate 
transformations, equations of constraint, 
and distributed elastic systems 

Process Data Logging Systems, 
Robert J. Marmorstone. Instruments & 
Automation, May, 1956, pp. 890-894 
Includes the use of electromechanical and 
electronic techniques for multiplication, 
square-root extractions, integration, time 
compensation, and analog-to-digital con- 
version. Special features: automatic 
testing and standardization. 

Reflected Number Systems. Ivan 
Flores. JRE Trans., EC Ser., June, 1956, 
pp. 79-82. Extension of the method used 
in creating the reflected binary system, 
description of the composition of reflected 
systems of different bases, and derivation 
of equations for translating between the 
conventional and reflected systems 

A One-Microsecond Adder Using One- 
Megacycle Circuitry. A. Weinberger and 
J. L. Smith. JRE Trans., EC Ser., June, 
1956, pp. 65-73. 

Die Verwendbarkeit eines Elektro- 
nischen Zahlgerates zur Messung von 
Mengen, Zeiten und Frequenzen sowie 
zur Impulsgabe. A. Becker DFL 
Braunschweig, Inst. Luftfahrzeugf. Bericht 
46-55/9, Oct. 1, 1955. 18 pp. In 
German. Analysis of the applicability 
of an electronic computer to measurements 
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of quantities, time, frequency, and momen- 
tum in the electronic, thermal, acoustic, 
and optical fields. 

A General Purpose Electronic Multi- 
plier. Robert A. Mayers. U.S., Navy 
Dept., David W. Taylor Model Basin, 
Rep. 938, Apr., 1955. 35 pp. Descrip- 
tion of the electronic multiplier circuit 
used in conjunction with other electronic 
devices to comprise a special type of 
analog computer, with details of design, 
operating characteristics, and construc- 
tion. 

Analog Computer for the Engineer. 
John M. Carroll. Electronics, June, 1956, 
pp. 122-133. Discussion covering com- 
puter parts, differences, supplementary 
equipment, accuracy, amplifier circuits, 
and analog multiplication. Further in- 
cludes characteristics of various com- 
puters and a chart of computer amplifier 
performance. 

Tridac, a Large Analogue Computing 
Machine. F.R. J. Spearman, J. J. Gait, 
A. V. Hemingway, and R. W. Hynes. 
(IEE Paper 1899 M.) Proc. IEE, Part B, 
May, 1956, pp. 375-390; Discussion, pp. 
390-395. 12 refs. Description of the 
RAE machine, including principles of 
operation, computing methods and com- 
ponents, and installation. The apparatus 
has electronic, mechanical, and hydraulic 
components, operates on a 1:1 time scale 
so that the real components can be in- 
cluded in the computation, and was built 
to assist in solving guided-weapon prob- 
lems by constructing system models for 
mathematical calculations. 

The Direct Analogy Electric Analog 
Computer. Gilbert D. McCann. JSA 
J., Apr., 1956, pp. 112-118. 43 refs. 
Description of the apparatus, with an 
evaluation of the basic techniques of 
general circuit synthesis. 

Principles and Application of Electronic 
Analogue Computers. iv... P. 
Heggs. Electronic Eng., May, June, 1956, 
pp. 212-215, 257-259. 

Analog Multipliers and Squarers Using 
a Multigrid Modulator. R. L. Sydnor, 
T. R. O'Meara, and J. Strathman. JRE 
Trans., EC Ser., June, 1956, pp. 82-85. 
17 refs. Description and evaluation of a 
device having a usual range of 78 db., 
whose accuracy is solely dependent upon 
the linear properties of the vacuum tube 
used. 

Transistors in Current-Analog Com- 
puting. Branch P. Kerfoot. JRE Tvans., 
EC Ser., June, 1956, pp. 86-93. Descrip- 
tion of experimental direct-coupled ampli- 
fiers, with an analysis of the factors de- 
termining computer accuracy and a dis- 
cussion of a new error-prediction tech- 
nique based on square-wave output. 

Application of Electrical Analogy for the 
Solution of Problems in Elasticity. \. 
Cadambe and S. G. Tewari. J. Sci. & 
Ind. Res., Sect. B, Mar., 1956, pp. 107-111. 
Description of the device and its com- 
ponents and of the technique used to 
measure the potential distribution in order 
to solve the Laplace equation, with an 
illustration of its application to the prob- 
lem of bending prismatic triangular bars. 

Practical Analog-Digital Converters. 
Martin L. Klein, Frank K. Williams, and 
Harry C. Morgan. Instruments & Auto- 
mation, June, 1956, pp. 1,109—-1,117. 
Description of devices designed for shaft- 
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position conversion with binary and un- 
coded outputs, direct data printing, data 
loggers with all-electronic conversion, and 
all-electronic high-speed conversion. 

A New Serial Digital Decoder. S. V. 
Soanes. Electronic Eng., June, 1956, pp. 
247-249. Description of a device which 
is virtually independent of the frequency of 
the clock timing pulses and which, since 
it is fundamentally a polynomial genera- 
tor, can also be used in analog computers 
to solve certain types of polynomial equa- 
tions. 

Transistor Digital Computers (New 
Binary Circuit Techniques Described at 
I.E.E. Convention). Wireless World, 
May, 1956, pp. 210-212. Evaluation of 
transistors used in digital computers for 
driving two-state magnetic storage coils 
and for acting as two-state pulse ampli- 
fiers. 

A Digital Differential; Simultaneous Bi- 
Directional Counting Using a Dekatron. 
W. H. P. Leslie. Electronic Eng., May, 
1956, pp. 190-193. Description of the 
circuit using.a Dekatron to indicate the 
running difference in count between two 
independent pulse trains. The circuit is 
applied to indicate frequency differences, 
to generate difference frequency signals 
without tuned circuits, and to control 
frequency or speed relative to a master 
signal. 

USAF Computer Uses Magnetic Am- 
plifiers. Electronics, July, 1956, pp. 138, 
139. Description of a digital computer 
using magnetic amplifiers for power gain. 
Tape-wound cores on stainless-steel bob- 
bins are used to overcome frequency 
limitation of magnetic devices. 

Engineering and Scientific Applications 
of Digital Computers. Zhe Engr., Apr. 
20, 1956, pp. 372, 373. 

A Transportation Simplex Algorithm for 
Machine Computation Based on the 
Generalized Simplex Method. George 
Suzuki. U.S., Navy Dept., David W. 
Taylor Model Basin, Rep. 959, June, 1955. 
17 pp. 

Introduction to Flac Coding. R. J. 
Koning. USAF MTC TR-56-8, July, 
1954. 117 pp. Study of programing 
and coding operations in an electrical digital 
computer used for transforming flight- 
test data. 

The Electronic Digital Computer in Air- 
craft Structural Analysis; The Program- 
ming of the Argyris Matrix Formulation of 
Structural Theory for an Electronic Digital 
Computer. III—General Purpose Pro- 
grammes for the Force and Displacement 
Methods in Large Structures Including the 
Use of Magnetic Tape Storage. P. M. 
Hunt. Aircraft Eng., May, 1956, pp. 
155-165. 

Random Time-Modulation of the Main 
Bang for Increased Accuracy in Digital 
Range Measurement. Lee B. Harris. 
IRE Trans., ANE Ser., June, 1956, pp. 
84-90. Analysis of the accuracy of the 
random time-modulation method in the 
presence of gate jitter to show that it can 
effectively reduce the resolution error. 


Education & Training 


Flight Application of Target-Simulator 
Principles. William M. Kauffman. JAS 
Natl. Summer Meeting, Los Angeles, June 
18-21, 1955, Preprint 649. 9 pp. Mem- 


bers, $0.35; nonmembers, $0.75. De- 
scription of equipment developed at the 
Ames Aeronautical Lab. for use in the 
fields of training, systems development, 
and instrument flight, and a discussion of 
motion picture techniques for evaluating 
tracking errors. 

A Comparative Study of the Attitudes of 
Student Groups in Advanced Flying Train- 
ing. John T. Lanzetta and Dorothy M. 
Knoell. USAF PTRC TN 55-30, Oct., 
1955. 21 pp. Evaluation of the ‘“Proj- 
ect Tiger’ advanced-flying training pro- 
gram, initiated to enhance motivation of 
flying personnel and to increase re-enlist- 
ment, decrease self-elimination, and re- 
duce the number of fear-of-flying cases. 

Multiple Response Transfer as a Func- 
tion of Supplementary Training with 
Verbal Schematic Aids. Frederick H. 
Kresse, Robert M. Peterson, and David 
A. Grant. USAF PTRC TN 55-34, 
Oct., 1955. 10 pp. 


Electronics 


1956 Electronic Industries Directory. 
Tele-Tech, June, 1956, pp. 213-308. 
Detailed reference guide covering prod- 
ucts and manufacturers. 

Electronic §Procurement—Production 
Directory. (Electronic Industries 1956 
Exclusive Military Procurement-Produc- 
tion Organization and Directory of Key 
Air Force, Navy and Army Personnel.) 
R. M. Johnson. Tele-Tech, July, 1956, 
pp. 81-95. 

Thermistor Applicator. Aerovox Res. 
Worker, May-June, 1956. 5 pp. De- 
scription of typical characteristics, illus- 
trative circuits, temperature control, time 
delay, voltage regulator, vacuum gage, 
flowmeter, sequence-switching circuit, 
lockout switching system, amplifier feed- 
back, limiter, expander, and UHF micro- 
wave wattmeter. 

Cerenkov Radiation from Extended 
Electron Beams Near a Medium of Com- 
plex Index of Refraction. Herbert Lash- 
insky. J. Appl. Phys., June, 1956, pp. 
631-635. USAF-Army-Navy-supported 
analysis. 

Amplifiers 

The Impedance Concept. II—Quartic 
and Quintic Characteristic Equations: 
Maximum Feedback. C. G. Mayo and 
J. W. Head. Wireless Engr., May, 1956, 
pp. 121-128. Detailed analysis of the 
effect on stability and damping of adding 
terms in the Heaviside operator, p, carried 
to the fourth and fifth power, with a dis- 
cussion of the addition of extra step-cir- 
cuit elements to a three-stage r.c. amplifier 
in order to improve the feedback. In- 
cludes a graphical method of evaluating 
the parameters associated with the addi- 
tional elements which may be used to ob- 
tain a given amount of feedback. 

Cascode A.F. Amplifier; ‘‘Long-Tailed 
Cascode Pair’’ as Combined Pre-Amplifier 
and Phase Splitter. L.B. Hedge. Wire- 
less World, June, 1956, pp. 283-287. De- 
velopment of a cascode amplifier employ- 
ing a feedback loop with two r.c. coupling 
networks, and an output transformer with 
a maximum phase shift of 270°. 

All-Transistor Servo Amplifier. Ed- 
ward D. Pagdett. Elec. Mfg., June, 1956, 
pp. 145-149, 342, 348. Developmental 
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discussion leading from practical transistor 
specifications to an experimental 24-volt 
d.c. amplifier directly coupled to the con- 
trol winding of a modified servomotor 

Docile Behavior of Feedback Amplifiers. 
S. J. Mason. Proc. IRE, June, 1956, pp 
781-787 USAF-Army-Navy-sponsored 
simplified geometrical approach, with a 
tabulation of docility criteria for passive 
end-loading, ideal-transformer feedback, 
bilateral passive feedback, and arbitrary 
passive feedback. Includes consideration 
of a vacuum-tube amplifier problem as an 
illustrative example 

SSB High Power Amplifier Design. 
F. B. Gunter. Tele-Tech, June, 1956, pp 
108, 109, 154, 160. Development of 
linear amplifier using modern components 


standard in 
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Circuits & Components 


Design of a Simple Linear Frequency 
Discriminator. K.G. Fancourt and J. kK 
Skwirz 


cont Rev., 2nd Quarter, 
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The outstanding quality and per- 
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ful manufacture, by personnel having 
years of experience in the small 
motor field. 
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go hand-in-hand because our com- 
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unsuitable resonant circuit, with physicaf 
considerations, expressed in a jump condig 
tion, serving to connect different analytied 
ity regions of the circuit differential equa 
tions 


Communications 


V.H.F. Communication by Ionospheri¢ 
Scatter. A. W. Cole. Electronic 
June, 1956, pp. 280-235 12 refs 
view of the characteristics of the method off 
propagation, with description of typicaf 
transmitters, receivers, and antenna sysa 
tems. 


Delay Lines 


Variable Delay Line Simulates Radar 
Targets. S.A. Gitlin. Electronics, Junes 
1956, pp. 148-145. Development of a de-¥ 
lay device which can vary the time delay 
of the frequeney-modulated 5.5 me. sine! 
wave from 72 to 1,400 microsee 


Electronic Tubes 


The Design of High-Power Traveling- 
Wave Tubes. M. Chodorow and E. J, 
Nalos Proc. IRE, May, 1956, pp 649-7 
659. USAF-Navy-Army-supported ex- 
perimental investigation of the problems 
involved in the design and operation of§ 
pulsed traveling-wave tubes operating at 
power levels of the order of a megawatt. 

Flicker Noise in Secondary Emission 
Tubes and Multiplier Phototubes. R. C, 
Schwantes, H. J. Hannam, and A. vang 
der Ziel. J. Appl. Phys., June, 1956, pp. 
573-577. Army-supported theoretical 
and experimental investigation of the ef- 
fects of variations in work function of the 
cathode on the number of secondary elee- 
trons emitted per primary in the secondary 
emission process, and on the number of9 
photoelectrons emitted per absorbed quan- 
tum in the photoemission process 

Experiments with Gas-Filled Triodes, 
T. A. Kok A ppl Sct. Res., Sect. B, No. 
6, 1956, pp. 445-458. Results describing 
the different types of electrical discharges 
dependent on determining parameters 
which include cathode emission; the spac- 
ing of cathode, grid, and anode; the di- 
umeter of the grid meshes; the grid and 
anode potentials; gas pressure; and the 
differential ionization function of the gas. 

Space Charge Effects in Dense, Veloc- 
ity-Modulated [Electron Beams. M. 
Weinstein and H. M. von Foerster. J. 
Appl. Phys., Apr., 1956, pp. 344-346. 
USAF-sponsored theoretical analysis to] 
derive expressions of the variation of the 
current, and for the displacement and 
velocity of electrons at any point along the 
beam during one complete cycle of the 
UHF signal 


Navigation Aids 


Design of Height-Diversity UHF Di- 
rection Finders. J. A. Fantoni and R. C. 
Benoit, Jr. Tele-Tech, June, 1956, pp. 
90-92 ff. Development of ground-based 
direction-finding facility capable of opera-4 
ting in the UHF range in conjunction 
with radio transmissions from high-per- 
formance aircraft. 

A Servomechanism Approach to the 7 
Problem of Communication for Aircraft 
Control. Stephen J. O'Neil. JRE Trans. 
ANE Ser., June, 1956, pp. 55-66. 
18 refs. Study of the traffic-handling J 
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AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in the [AS 
Library. This research is supported by the Air Force Office of Scientific Research of the Air 
Research and. Development Command. Address inquiries concerning this literature to the 


IAS Library. 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 1, Number 9 
AGOUUSTICS, SOUND, & NOISE 


AN INVESTIGATION OF THE NOISE PRODUCED 
BY ASUBSONIC AIR JET. J. H. Gerrard. J. 
Aero. Sci., Sept., 1956, pp. 855-866, 873. 15 refs. 
Measurements, over a wide frequency range and in 
1/3 octave bands in this range, of the sound field 
of a l-in. air jet issuing from a long pipe, withthe 
mean Mach Number at the pipe orifice varying 
from 0.3 to 1.0, in order to determine the validity 
of the Lighthill predictions on aerodynamic sound. 
Examination of the dependence of the apparent posi- 
tion of the noise sources on frequency and jet speed, 
and of the dependence of noise intensity upon jet 
speed in terms of the power relation p°®M®, Re- 
sults indicate that the apparent spread of the 
sources at low frequencies is due to the Doppler 
effect and that at a given jet speed there is a fre- 
quency at which the Mach Number (M,) of convec- 
tion of the sources, which is a function of frequen- 
cy, is ata maximum. This maximum frequency 
increases with jet speed. Because the values of 
Mc, are comparable with unity, the Doppler effect 
must be considered when analyzing the sound field. 
The spectrum of the acoustic power output of the 
jet is found to be extremely flat, with the maximum 
power output lying at about 4 kc. /sec. and being 
almost independent of jet speed. Further results 
indicate that the acoustic efficiency of the jet is 
very small and that the noise field is well repre- 
sented, qualitatively, by the Lighthill theory. 


AERODYNAMICS 


Aerothermodynamics 


DIFFUSION EFFECTS IN A BINARY ISOTHER- 
MAL BOUNDARY LAYER. E.R.G. Eckert and P. 
J. Schneider. U. Minn. Inst. Tech. Dept. Mech. 
Eng. TR 5 (OSR TN 55-258), Nov., 1955. 15 pp. 
Evaluation of the mass-transfer cooling method. 
Similarity solutions are obtained for plane longitu- 
dinal flow over a flat porous plate with normal in- 
jection of a fluid whose variable properties are 


September, 1956 


widely different from those of the main stream. 
Variation of properties with mixture temperature 
and concentration are evaluated from results ofthe 
molecular theory. Particular boundary-layer cal- 
culations are performed by the method of succesivéd 
approximations for hydrogen injection into an air 
boundary layer under isothermal conditions. Cal- 
culated skin-friction coefficients are compared with 
corresponding values for the case of constant-prop- 
erty diffusion. 


TURBULENT-HEAT-TRANSFER MEASURE- 
MENTS AT A MACH NUMBER OF 3.90. M. J. 
Brevoort. US, NACA TN 3734, July, 1956. 15 pp. 
Experimental investigation using an axially symmet- 
ric annular nozzle consisting of an inner, shaped 
center body and an outer cylindrical sleeve. Meas- 
urements taken along the outer sleeve give essen- 
tially flat-plate results that are free from wall in- 
terference and corner effects for M=3.90 and fora 
Reynolds Number range of 6.3 X 10° to 7.0 X 107, 
The heat-transfer-coefficient results are slightly 
higher than those obtained theoretically for M=4.0 
and for a ratio of inside-surface temperature to 
free-stream temperature of 4.2. The temperature- 
recovery factors range from approximately 0.89 


when R=6.3 X 10° to approximately 0.86 when 
R=7.0 X 107, 


Boundary Layer 


SOME PROBLEMS IN BOUNDARY-LAYER 
TRANSITION. J. A. Steketee. UTIA Rep. 38, 
Apr., 1956. 105 pp. 46 refs. Theoretical inves- 
tigation, using models which illustrate some as- 
pects of the reality, to establish the existence of 
regions of turbulent flow clearly distinguished 
from, and surrounded by, laminar flow, and to 
determine the way in which these regions growand 
are transported, in order to provide analytical sup- 
port for the empirical facts forming the basis for 
the Emmons theory of boundary layer transition, 
Results indicate that: the Emmons formula for the 
fraction of the time during which a point in the 
transition region will be covered with turbulent 
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flow can be derived in a straightforward way, elim- 
inating theneedfor the ¥ (P V functions; it 
is plausible that in the initial stages the turbulence is 
nonisotropic, since the energy equations illustrate 
that no energy exchange takes place between the 
main flow and the turbulence if the turbulence is 
isotropic; the three-dimensional viscous disturb- 
ance obtained is not unique; and that there is no 
obvious way of restricting the numerous arbitrary 
constants of the solutions. Results further indicate 
that the velocity gradient, rather than the viscosity, 
is the factor which distinguishes the flow in regions 
where turbulence originates from the flow in a free 
stream. This is particularly important in dealing 
with the turbulence as a perturbation. 


AN EVALUATION OF FOUR EXPERIMENTAL 
METHODS FOR MEASURING MEAN PROPERTIES 
OF A SUPERSONIC TURBULENT BOUNDARY LAY- 
ER. G. J. Nothwang. US, NACA TN 3721, June, 
1956. 34 pp. Analytical results of surveys made 
through a turbulent boundary layer on a flat plate, 
at one longitudinal station on the plate, by means of 
a pitot probe, an X-ray densitometer, and hot-wire 
and cold-wire probes, with tests conducted in an 
8- by 8-in. supersonic nozzle at free-stream Mach 
Number of 3.03 and Reynolds Number of approxi- 
mately 210,000 based on boundary layer thickness. 
The object of the analysis is to determine the relia- 
bility of the basic data and how well the actual dis- 
tributions of properties in the boundary layer com- 
pare with those commonly assumed in semi-empir- 
ical and theoretical analyses. Results indicate that: 
the values of mean pitot pressure, density, and to- 
tal temperature obtained from the pitot probe, X- 
ray densitometer, and cold-wire probe combine to 
produce consistent distributions of mean Mach 
Number, total temperature, and mass flow through- 
out the boundary layer; the hot-wire probe gives 
values of mean mass flow over the outer portion of 
the boundary layer higher than those shown by the 
other test methods, suggesting that caution should 
be used in interpreting hot-wire data to represent 
mean mass flows in turbulent supersonic boundary 
layers; the assumption of constat totaltemperature 
through the boundary layer yields negligible errors 
in displacement and momentum thicknesses, as do 
computations from pitot data and the sameassump- 
tion with regard to velocity distribution; and the 
one-sixth power law agrees with the experimental 
velocity distribution within +2%. 


DECOLLEMENT LAMINAIRE EN DEUX DIMEN- 
SIONS; CONFRONTATION ENTRE THEORIE ET 
EXPERIENCE. E. A. Eichelbrenner andH. Werlé. 
La Recherche Aéronautique, May-June, 1956, pp. 
1-18. In French. Comparison of experimental re- 
sults obtained from tests in the Chatillon hydrodynam- 
ic tunnel with calculations of the point of laminar sep- 
aration and of the velocity profiles in the boundary 
layer located immediately downstream of the sepa- 
ration, obtained by using the Polhausen method. 
Results show an angle of separation approaching 
90°, and the line of separation tends to become par- 
allel to the direction of the flow to infinity. This 
indicates that the Polhausen hypotheses are a good 
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approximation for the upstream and downstream 
cases, but cease to be valid in the immediate vicin-. 
ity of the separation point. 


ELEMENTARER EXISTENZBEWEIS FUR DIE 
GRENZSCHICGHTSTROMUNG AN EINER KLASSE 
ROTIERENDER KORPER. Theo Geis. ZAMM, 
May-June, 1956, pp. 222-229. In German. Anal- 
ysis of the problem of finding the boundary layer 
flow on bodies of revolution of a certain shape (ro- 
tating about their own axis inotherwise undisturbed 
fluid) in which the system of ordinary differential 
equations F" + cGF" + 2G'(1 - F')= 0; G"' + cGG" - 
G'? +(1 - F')* = 0 has to be solved with the bound- 
ary conditions F'(0) = G(0) = G*(0) = 0, F* (oc) = 
1, G' (co) = 0. Proof of the existence of at least 
one solution of the boundary value problem by gen- 
eralization of an elementary method first used by 
Iglish. 


Control Surfaces 


AN INVESTIGATION OF FORWARD-LOCATED 
FIXED SPOILERS AND DEFLECTORS AS GUST 
ALLEVIATORS ON AN UNSWEPT-WING MODEL. 
D. R. Croom, C. C. Shufflebarger, and J. K. 
Huffman. US, NACA TN 3705, June, 1956. 26 pp. 
Evaluation of forward-located fixed spoilers, de- 
flectors, or a spoiler-deflector combination to de- 
termine their static longitudinal aerodynamic char- 
acteristics and gust alleviation capabilities. Re- 
sults show that the lift-curve slopes are fairly lin- 
ear and substantially reduced by the addition of 
either the spoiler or the deflector configuration. 
The slope, however, is nonlinear for the spoiler- 
deflector combination. Extending the deflectors ne- 
cessitates only small changes in attitude and trim 
in order to maintain a given lift coefficient, whereas 
extending the spoiler or the spoiler-deflector com- 
bination requires large changes. Both the spoiler 
and the deflector configurations appear to be effec- 
tive in reducing the normal acceleration in both an 
upgust and a downgust. A forward located fixed de- 
flector appears to be an effective alleviator of gust 
loads on an unswept wing when turbulence is en- 
countered because it reduces normal accelerations, 
aids in slowdown to rough-air speed, and requires 
only small trim changes. 


Fluid Mechanics & Aerodynamic Theory 


PRELIMINARY LOW SPEED WIND TUNNEL 
TESTS ON FLAT PLATES AND AIR BRAKES: 
FLOW, VIBRATION AND BALANCE MEASURE- 
MENTS. R. Fail, T. B. Owen, andR. C. W. 
Eyre. Gt. Brit., ARC CP 251, 1956. 45 pp. 
BIS, New York, $1.08. Includes flow measure- 
ments behind sharp-edged flat plates (a) at 90° for 
various shapes and (b) for a square plate over an 
incidence range, and lift, drag and pitching-mo- 
ment increment measurements on a square plate 
mounted (c) on a long cylinder and (d) near the end 
of several shapes of rear fuselage. Results of (a) 
show a closed bubble about three plate sides long, 
with a constant pressure boundary up to the maxi 
mum diameter, followed by mixing. Measurements 
of velocity fluctuations taken for (b) show thata reg- 
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ular shedding of turbulent eddies, with whichlarge 
random low-frequency fluctuations are associated, 
occurs for 6 = 50° and over, but stops at 40°. Ve- 
locity fluctuation measurements, at 70° only, indi- 
cate a much reduced longitudinal unsteadiness for 
case (d). Comparative tests on a cascade brake 
demonstrate that no shedding occurs. 


EXPERIMENTS ON TWO DIMENSIONAL BASE 
FLOW AT M=2Z.4. L. Fullerand J. Reid. Gt. 
Brit., RAE Rep. Aero.2569, Feb., 1956. 50 pp. 
Tests on a family of two-dimensional afterbodies 
to determine the effects of boattail angle and inter- 
nal flow on the base pressure, afterbody pressure, 
and velocity distribution in the wake. Includes 
measurements of the affected parameters for each 
member of the family over a range of internal 
flows extending from zero flow to ej <14, measure- 
ment of the effect of internal flow on the plate pres- 
sure behind the base to provide further data onthe 
base flow with the untapered afterbody, and schlie- 
ren photograps to supplement the pressure meas- 
urements in all cases. Results are analyzed and 
discussed theoretically and with regard to their 
practical applications. 


PRELIMINARY REPORT ON A STUDY OF SEPA- 
RATED FLOWS IN SUPERSONIC AND SUBSONIC 
STREAMS. D. R. Chapman, D. M. Kuehn, and 
H. K. Larson. U.S., NACA RM A55L14, June 12, 
1956. 15 pp. 10 refs. Results of theoretical and 
experimental investigations, with measurements 
for a variety of two-dimensional ‘shapes and obser- 
vation of the overall pressure rise to the separa- 
tion pont and to the first peak pressure in flows 
where sizable separated regions exist. The loca- 
tion of transition relative to the reattachment and 
the separation conditions is taken into account. Mod- 
els include forward and rearward facing steps; com- 
pression corners; curved surfaces to simulate 
the flow upstream of a spoiler control, behind a base 
or spoiler, over an inlet ramp or deflected flap, and 
over one side of a compressor blade, respectively; 
special models to produce leading-edge separation, 
and configurations to produce separation by reflect- 
ing a shock wave from a boundary layer. Wall stat- 
ic pressure distributions, surface oil-film observa- 
tions, and high-speed motion picture studies were 
made for experiments at Mach Numbers between 
0.4 and 3.3, and Reynolds Numbers. based on char- 
acteristic model length, between 4,000 and 
4,000.00G. It is concluded that the variable most 
important to a separated flow is the location of tran- 
sition, as certain qualitative characteristics, such 
as Reynolds Number effects and flow steadiness, are 
the sarme for all cases when the various separated 
flows are studied according to the relative-transi - 
tion location. The stability of a separated laminar 
mixing layer increases markedly as the speed in~ 
creases over the range investigated. 


TRANSPORT PROPERTIES FOR BINARY GAS 
MIXTURES. W. O. Carlson and P. J. Schneider. 
U. Minn. Inst. Tech. Dept. Mech. Eng. TR 7 
(OSR TN 56-45),Jan., 1956. 46 pp. 14 refs. Re- 
view of various methods for calculating transport 


propertiesto select or develop the most rapid meth- 
od of calculating these properties over a full range 
of mixture concentrations and a wide range of mix- 
ture temperatures. The properties discussed are 
the density, constant-pressure specific heat, vis- 
cosity, thermal conductivity, binary diffusion coef- 
ficient, and the thermal diffusion factor. 


ON EQUATIONS OF MOTION FOR A COMPRESS- 
IBLE VISCOUS GAS. E. V. Laitone. J. Aero. Sci., 
Sept., 1956, pp. 846-854. 20 refs. Evaluation of 
the Navier-Stokes equations, the higher order ki- 
netic theory approximations, and the first-order 
dynamic equations of continuum mechanics, interms 
of their usefulness in calculating compressible vis- 
cous flow. Includes comments and experimental 
observations on the effect of rigid body rotation. 
The theoretical reasons underlying the introduction 
of the bulk viscosity into the Navier-Stokes equa- 
tions are discussed, and it is shown that these equa- 
tions are better adapted for the necessary calcula- 
tions when the Stokes relation is neglected, than 
are the higher order kinetic theory equations which 
do not include all the terms of the proper order be- 
cause of the assumed form for the expansion of the 
distribution function. The main term that may be 
legitimately added to the Navier-Stokes equations 
is the Maxwell's effect of thermal transpiration. 


THE FLOW PAST AN UNSWEPT- AND ASWEPT- 
WING-BODY COMBINATION AND THEIR EQUIV- 
ALENT BODIES OF REVOLUTION AT MACH NUM- 
BERS NEAR 1.0. W.F. Lindsey. US, NACA TN 
3703, June, 1956. 18 pp. Tests using the schlieren 
method of flow visualization to provide data for com- 
parison. Results indicate that the flow past the 
equivalent body duplicates or closely approximates 
that past the wing-body combinations, and that this 
similarity diverges as the bump representing the 
wing area on the equivalent body departs from a 
slender bump or a small divergence. 


A POTENTIAL FLOW MODEL FOR THE FLOW 
ABOUT A NACELLE WITH JET. Appendix A---A 
POTENTIAL FLOW MODEL FOR TWO DIMEN- 
SIONAL DUCT FLOW. Appendix B---THE TWO 
DIMENSIONAL DUCT AT INCIDENCE. Appendix 
C---THE AXI-SYMMETRIC DUCT IN POTENTIAL 
FLOW. A. H. Craven. Coll. of Aeronautics, 
Cranfield, Rep. 101, Mar., 1956. 54pp. 13 refs. 
Results of theoretical investigation indicate that: 
the potential flow model for the jet flow from a na- 
celle is limited in its application by the method 
used in deriving it; the representation of a duct by 
a simple vortex distribution is only permissible 
when the duct is thin, when the difference in 
speeds of the jet and stream is small, and whenthe 
speeds are low; the thickness of the duct and wake 
leads to additional problems when the added com- 
plication of the jet flow is included; and the effects 
of temperature and density difference between the 
jet and the free stream must be taken into account. 


INVESTIGATION AT SUPERSONIC SPEEDS OF 
THE VARIATION WITH REYNOLDS NUMBER AND 
MACH NUMBER OF THE TOTAL, BASE, AND 
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SKIN-FRICTION DRAG OF SEVEN BOATTAIL BOD- 
IES OF REVOLUTION DESIGNED FOR MINIMUM 
WAVE DRAG. A.F. Bromm, Jr., and J.M. Good- 
win. US, NACA TN 3708, June, 1956. 20 pp. Ex- 
periments in the Langley 9 in. supersonic tunnel 
covering a Reynolds Number range from approxi- 
mately 1.0 x 10® to 10.0 x 106 at Mach Numbers of 
1.62, 1.93, and 2.41. Results show that the base 
drag and, in general, the total drag increase with 
increasing values of the ratio of base area to maxi 
mum area B/S,,,- The laminar skin-friction drag 
is in agreement with the theoretical predictions and 
the simple Blasius incompressible theory gives a 
satisfactory prediction within the test Mach Number 
range. Except for values of B/Smax near 1, the 
Reynolds Number of transition increases with in- 
creasing Mach Number, and when this ratio ap- 
proaches l, the variation reverses. 


L'ECOULEMENT SUPERSONIQUE AUTOUR 
D'UNE AILE A DISQUE AXIAL. Elie Carafoli and 
Béatrice Horovitz. Rev. Mec. Appl., No. 1, 1956, 
pp. 7-33. In French. Study of the supersonic flow 
around an airfoil equipped with an axial disc. Ap- 
plication of the theory of conical flows and deter- 
mination of the axial component for different cases, 
with a discussion of other practical applications. 


K TEORII TEL MALOGO UDLINENIIA. M. N. 
Kogan. Prikl. Mat. i Mekh., 1956, pp. 87-94. In 
Russian. Analysis of the use of the theory of conformal 
transformations in solving three-dimensional prob- 
lems of a supersonic flow past airfoils. Discussion 
of errors inherent in conformal transformations; 
estimation of the error caused by the linearization 
of equations for velocity potential, taking into ac- 
count the example of a flow past a circular cone; 
comparison with the theory of thin airfoils; and 
consideration of the supersonic flow past a triangu- 
lar wing. A comparison with the thin wing theory 
shows that the formula for the potential of a turbu- 
lent supersonic flow contains a second term. In- 
cludes a discussion of the apparent discrepancy 
between the solutions for an airfoil and a circular 
cone. 


THE ROTATIONAL FIELD BEHIND A CURVED 
SHOCK WAVE CALCULATED BY THE METHOD 
OF FLUX ANALYSIS. Shigeo Uchida and Michiru 
Yasuhara. J. Aero. Sci., Sept., 1956, pp. 830- 
845. 34 refs. Description of the method which 
makes use of streamline coordinates. Includes a 
calculated example of supersonic flow around acir- 
cular cylinder having a detached bow shock wave, 
and an asymptotic approximate solution of nonvis- 
cous supersonic or hypersonic flow along a flat 
plate. <A relation between velocity and flow patterns 
under the known distribution of entropy is derived 
from the integration of the vorticity equation along 
the curvilinear coordinate perpendicular to the 
streamlines. The stream function can be calcu- 
lated and the flow patterns corrected by integrating 
the formula by the first assumed pattern of flow 
and entropy, and successive procedures permit the 
determination of the flow field behind a curved 
shock wave, 
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_ SUR LA TURBULENCE SPATIALEMENT HOMO- 
GENE D'UN FLUIDE COMPRESSIBLE. M. Z. 
Krzywoblocki. France, Min de l*Air PST 314, 1956, 
54 pp. 10 refs. SDIT, 2, Av. Porte-d'Issy, Paris 
15, Frs. 650. In French. Generalization of the 
Kampé theory, taking into account the von Karman, 
Kolmogoroff, Heisenberg, and Onsager theories. 
Derivation of fundamentals of the existence of sca- 
lars and of correlation and spectral tensors in the 
spatially homogeneous turbulence of a compressible 
fluid. Derivation of the fundamental equation of 
kinetic energy of the spectrum is based on the hy- 
pothesis that the functions of velocity, volume, and 
temperature satisfy the Navier-Stokes equations. 
Includes a discussion of the shape of the particular 
spectral tensor of the spatially homogeneous turbu- 
lence in compressible fluid. 


Internal Flow 


STALL PROPAGATION IN AXIAL-FLOW COM- 
PRESSORS. Appendix A- CALCULATION OF CAS- 
CADE DISCHARGE COEFFICIENT FOR REAL CAS- 
CADE. Appendix B - STALL PROPAGATION VE- 
LOCITY IN POLAR COORDINATES. Appendix C - 
STALL PROPAGATION VELOCITY WITH FLOW 
INTO A CONTINUUM. A.H. Stenning, A.R. Krie - 
bel, and S.R. Montgomery. US, NACA TN 3580, 
June, 1956. 83 pp. ll refs. Derivation of a theory, 
based on the assumption that the flow behind the 
cascade consists of free jets discharging into a con- 
stant pressure region. The effects of finite blade 
chord and of the boundary-layer response to changes 
in angle of attack are taken into account and the the- 
ory is valid for small perturbations in velocity 
about a mean flow condition with finite pressure 
rise across the cascade, provided that the pressure 
fluctuations downstream of the cascade are much 
smaller than those upstream. Analytical results 
indicate that the wave length of the stall cells atthe 
beginning of rotating stall is dependent on the bound- 
ary-layer time delay. The values obtained for the 
stall propagation velocities agree within 25% overa 
wide range of wave lengths with experimental re- 
sults on both stationary circular cascade and the 
single-stage compressor. It is also shown that, 
when the flow downstream of the cascade is treated 
as a continuum, the solution for the stall propaga- 
tion velocity applies to the case of large waves with 
a small pressure rise across the cascade, for which 
the predicted stall propagation velocities are much 
lower than those obtained experimentally. 


TECHENIE VIAZKOGO GAZA MEZHDU DVU- 
MIA DVIZHUSHCHIMISIA PARALLEL'NYMITSILIN- 
DRICHESKIMI POVERKHNOSTIAMI PROIZVOL- 
NOI FORMI. E. L. Blokh. Prikl. Mat. i Mekh., 
1956, pp. 116-119. In Russian. Study of the flow 
of viscous gas between two parallel cylindrical 
surfaces of arbitrary form. The motion of gas is 
assumed to be caused by the rotation of the sur- 
faces of which the inner is taken to be stationary. 
It is shown that for this type of motion, the ratio 
of the forces of resistance for viscous gas and vis- 
cous fluid is not affected by the configuration of 
the cross section of cylinders. Two numerical 


ga 
PI 
Ae 
In 
pe 
of 
fo 
th 
m 
P 
fic 
ti 
a 
ti 
e! 
ci 
i 
te 
fc 
P 
F 
WwW 
B 
& 
of 
st 
de 
m 
Cc 
U 
n 
ar 
Ww 
b 
fc 


INTERNATIONAL AERONAUTICAL ABSTRACTS 103 


examples considered include the flow of viscous 
gas between two parallel planes and the flow be- 
tween two co-focal elliptical cylinders. 


ESSAIS DE DEUX GRILLES D'AUBES DE COM- 
PRESSEURS. Robert Legendre. La Recherche 
Aéronautique, May-June, 1956, pp. 3-10. 13 refs. 
In French. Results of low-speed wind-tunnel ex- 
periments on compressor blades. The calculation 
of blade grids is a mathematical procedure useful 
for controlling the velocity distribution on which 
the formation of boundary layers depends, and per- 
mits the prediction of the direction of the exhaust 
velocity and the pressure distribution. The tests 
provide information regarding losses and the coef- 
ficient of compression. The influence of the rela- 
tive motion of the blading on the formation of bound- 
ary layers is taken into account. 


ENTRY OF CONDUCTING AND NON-CONDUCT- 
ING FLUIDS IN PIPES. J. A. Shercliff. Proc. 
Cambridge Philos. Soc., July, 1956, pp. 573-583. 
Linearization, by means of a Rayleigh approxima- 
tion adapted for cases involving a pressure gradi- 
ent, of the problem of estimating the entry length 
over which the laminar motion of an electrically 
conducting, viscous fluid ina pipe under a trans- 
verse field adjusts to a steady state from some 
initial state. Solutions are found in the cases of 
motion between infinite parallel planes and in rec- 
tangular pipes when magnetic effects occur, and 
for parallel planes and rectangular and circular 
pipes in the absence of magnetic effects. 


THEORETICAL INVESTIGATION OF THE IN- 
FLUENCE OF VISCOUS FRICTION ON A PLANE 
WAVE OF FINITE AMPLITUDE IN A COMPRESSI- 
BLE FLUID. J. A. Owczarek. Quart. J. Mech. 

& Appl. Math., June, 1956, pp. 143-163. Application 
of the method of characteristics to the problem, 
with derivation of equations suitable for step-by- 
step solutions. Extension of the method permits the 
deduction of analytical expressions, subject to nu- 
merical integration, for the change of parameters 
of the state of a wave due to friction. Results indi- 
cate an approximate procedure for the solution. 


ANALYTIC DETERMINATION OF TWO-DIMEN- 


Sisojev. Tech. et Sci. Aéronautiques, No. 2, 1956, 
pp. 100-104. In French. Development of amethod 
based on analytic principles for calculating the pro- 
file of a contraction cone used in a closed-circuit, 
aerodynamic wind tunnel. The problem is treated 
in such a way as to obtain a graphical solution with 
minimum effort. The proposed method is applica- 
ble to the case of an incompressible ideal fluidand, 
through a further development, offers the possibil- 
ity of introducing corrections for the compressible 
case. 


SOME TESTS ON THE SPREAD OF VELOCITY 
IN A COLD JET DISCHARGING WITH EXCESS 
PRESSURE FROM A SONIC EXIT INTO STILL AIR. 
J. Seddon and L. Haverty. Gt. Brit., ARC CP 
246, 1956. 15 pp. BIS, New York, $0.45. Exami- 
nation of the spread of the half-velocity circle over 
the range 40 to 200 diameters from the exit, with 
jet pressure ratios from 0.479 to 0.042, corre - 
sponding to isentropic Mach Numbers of 1.08 --2.72. 
Results indicate that rates of spread are not greatly 
different from those for a subsonic jet, but that the 
effective exit of an underexpanded jet is displaced 
downstream of the actual exit. 


Wings & Airfoils 


A METHOD FOR CALCULATING THE PRES- 
SURE DISTRIBUTION OVER JET-FLAPPED WINGS. 
D. Kuchemann. Gt. Brit., RAE Rep. Aero. 2573, 
May, 1956. 38 pp. 18 refs. Analysis based on 
Spence calculation of circulation and chordwise 
loading of a jet flap system to find the pressure 
distribution when the external lift force and the jet 
momentum are known. Analysis includes the effects 
of non-zero thickness and camber, and extends to 
both wings of finite aspect ratio and to swept wings. 
Only incompressible inviscid flow and forces onthe 
external surfaces are considered, leaving out the 
flow phenomena near the exit nozzle. Results show 
that a saddleback, chordwise loading is typical for 
an airfoil with jets and is the basic reason for the 
aerodynamic advantage of the jet-flap system. 


PRELIMINARY WIND-TUNNEL TESTS OF TRI- 
ANGULAR AND RECTANGULAR WINGS IN STEADY 
ROLL AT MACH NUMBERS OF 1.62 AND 1.92. 


SIONAL SUPERSONIC NOZZLE CONTOURS HAVING C. E. Brown and H. S. Heinke, Jr. US, NACA 


CONTINUOUS CURVATURE. J. C. Sivelis. 

USAF AEDC TR 56-1, July, 1956. 29 pp. Methods 
of determining coodinates for perfect-fluid contours 
downstream of the inflection point in a supersonic 
nozzle. Two approaches are used, the first - nu- 
merical integration along each characteristic, as 
accurate as desired and depending upon the number 
of intervals used in the integration; the second - a 
weighting factor to perform the integration, saving 
considerable time by using values only at each limit 
of the integration. It is found to be as accurate as 
the first approach, and the resulting equations can 
be differentiated to obtain an analytic expression 

for the second derivative. 


LE TRACE DU PROFIL D'UN COLLECTEUR 
POUR SOUFFLERIE AERODYNAMIQUE. M. V. 


TN 3740, June, 1956. 36 pp. Experimental inves- 
tigation for determining the damping-in-roll coef- 
ficients for a series of thin triangular plan-form 
and two rectangular wings. The triangular wing 
series consisted of nine wings of vertex angles such 
that a range of leading edge positions ahead of and 
behind the Mach cone was obtained at Mach Numbers 
1.62 and1.92. The rectangular wings had aspect 
ratios of 2.00 and 2.73. Results indicate that damp- 
ing in roll of the rectangular wings was very close 
to that predicted by linear theory for isolated wings. 
The triangular wings gave results approximately 
10% below those predicted when the wing leading 
edges were well ahead of or behind the Mach cone. 
Somewhat greater reductions in damping coefficients 
from the linear theory were found when the leading 
edges were in the vicinity of the Mach cone. 
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THEORETICAL WAVE DRAG OF SHROUDED 
AIRFOILS AND BODIES. P. F. Byrd. US, NACA 
TN 3718, June, 1956. 40 pp. 10 refs. Analysis of 
symmetrical airfoils shrouded with flat plates, and 
bodies of revolution shrouded with a cylindrical 
shell to determine the wave drag. The detrimental 


TRAINEE D'AILES DELTA DOUBLEMENT-CO- 
NIQUES A PENTE VARIABLE, EN REGIME SU- 


PERSONIQUE. E. Carafoli and M. Ionescu. Rev. 
Méc. Appl., No. 1, 1956, pp. 35-55. In French. 


Development of a method for calculating the drag 
of doubly conical delta wings having varied slope. 


effect of the additional friction drag due to the shroud The profile of the wing permits the assimilation of 


is neglected. Linearized theory is assumed, and the 
operational methods apply Laplace transforms. 
Results obtained hold for a Mach Number range de- 
pendent on the geometry of the configuration. Ex- 
pressions are also given for determining a class of 
body shapes for which the wave drag is theoretically 
zero, and for determining the pressure coefficient 
of a shrouded body. 


EXPERIMENTAL RESEARCH ON WING SEC- 
TIONS AT HIGH SPEEDS. Masatada Tada. J. 
Japan Soc. Aero. Eng., June, 1956, pp. 5-10. In 
Japanese. Investigation of the relation between 
scale and compressibility effects by making drag 
and pressure distribution tests on spheres, cylin- 
ders, and other shapes. Characteristics of wing 
profiles at high speeds are also compared. 


THE EFFECT OF WING PLAN FORM ON THE 
DOWNWASH BEHIND WINGS. Akira Mitsuyasu. 
J. Japan Soc. Aero. Eng., June, 1956, pp. 1-5. 
In Japanese. Calculation of theoretical downwash 
angles and their comparison with experimental re- 
sults. The results indicate that for both the theo- 
retical and experimental cases there is a decrease 
in downwash with an increase in sweep, but thatthe 
downwash derivative behind a sweptback wing in- 
creases with an increase in the angle of attack when 
under the effect of leading-edge separation. 


THE LIFT ON A THIN AEROFOIL WITH A 
BLOWN FLAP. D. A. Spence. Gt. Brit., RAE 
TN Aero. 2450, May, 1956. 17 pp. Analysis of 
attached flow on a thin airfoil for the cases of 
hinged flap without a jet and hinged flap with a 
tangential jet. Results are presented for a range 
of jet flux-momentum coefficients (Cy) and a num- 
ber of flap-chord ratios (E). These indicate that 
for a given Cy and deflection, higher coefficients 
of lift are obtained with larger flaps, and for a giv- 
en Cy, and deflection, the larger the flap, the 
smaller the Cy is necessary. 


FLIGHT TESTS AT SUPERSONIC SPEEDS TO 
DETERMINE THE EFFECT OF TAPER ON THE 
ZERO-LIFT DRAG OF SWEPTBACK LOW-ASPECT 
RATIO WINGS. M. Pittel. US, NACA TN 3697, 
June, 1956. 20 pp. Derivation of experimentai da- 
ta, using rocket-powered-modal technique, in the 
Mach Number range of 1.0 to 1.8, with theoretical 
comparisons for the range above M=#1.2. Results 
indicate that: wings with more taper give higher 
drag coefficients from M#1.0 to M#1.3, with 
lower values of drag coefficient above M1. 3; 
wings of aspect ratio 4 have less drag below M= 
1.2, and greater drag above M + 1.2, than those of 
aspect ratio 2. Theoretical and experimental re- 
sults agree qualitatively as to the effects of taper 
and aspect ratio. 
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the flow around it in two distinct motions. Simple 
calculations lead to the detailed expression of the 

coefficient of total drag. As an illustrative appli- 
cation the calculation of the drag of a wing, whose 
slope varies linearly along the span, is presented. 


,PORTANCE D'UNE PLAQUE PLANE DECELE- 
REE FRANCHISSANT LA VITESSE DU SON. A.von 
Baranoff. La Recherche Aéronautique, May-June, 
1956, pp. 19-25. In French. Study of the linearized 
problem of a plane surface in decelerated motion 
passing the speed of sound indicates that the pre- 
liminary calculation of the deflection zone, encoun- 
tered during the supersonic phase, permits treating 
the subsonic phase by using the Evvard-Ward meth- 
od. The method of calculating the zone deflection 
is indicated. The results of a numerical applica- 
tion, giving the gradient of the lift coefficient as 
function of Mach Number, are given for a particu- 
lar deceleration value. 


ASPECT RATIO INFLUENCE AT HIGH SUB- 
SONIC SPEEDS. G. F. Anderson. J. Aero. Sci., 
Sept., 1956, pp. 874-878. OSR-sponsored investi- 
gation describing a method to predict the velocity 
induced by the thickness of a thin finite wing using 
linearized subsonic compressible flow theory, and 
assuming the finite wing to be part of an infinite 
wing, the rest of which is removed from the flow. 
The velocity at any point on the infinite wing is less 
by the velocity induced by the removed portion. If 
the part removed is relatively far away from the 
point on the wing for which the induced velocity is 
being calculated, linearized subsonic compressible 
flow theory is applicable, and using such a scheme 
a correction to the free-stream velocity is derived 
from the averaged difference in the inducedvelocity 
over the area of the finite wing. At this increased 
free-stream velocity the finite wing should have ap- 
proximately the same pressure distribution as the 
infinite wing at the uncorrected free-stream veloc- 
ity. 


THEORETISCHE UND EXPERIMENTELLE UN- 
TERSUCHUNGEN AN DELTAFLUGELN MIT KLAP- 
PEN BEI INKOMPRESSIBLER STROMUNG. Erich 
Truckenbrodt and K.-H. Gronau. ZFW, July, 1956, 
pp. 236-246. In German. Theoretical computa- 
tions of the lift distribution at various flap configu- 
rations and flap deflections in incompressible flow 
for five delta wings of various aspect ratios, with 
simultaneous wind-tunnel measurements in two 
cases. 


THE DESIGN OF SWEPT WING PLANFORMS 
TO HAVE SPECIFIED DISTRIBUTIONS OF LOCAL 
LIFT COEFFICIENT. G.G. Brebner. ZFW, July, 
1956, pp. 249-253. Systematic calculations of the 
form of spanwise distribution of local lift coefficient 
Cy), a8 one cause of the high suctions formed over 
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the outer part of sweptback wings which result in 
the flow separation associated with the well-known 
instability of such wings. Results indicate that for 
a given angle of sweep and aspect ratio a wing plan- 
form can be assigned to give any specified span- 
wise Cy) distribution without using camber and 
twist. Consideration of the case of planforms hav- 
ing constant Cy) for several aspect ratios and 
sweep arrangements indicates that there is an upper 
limit to the aspect ratio for which constant Cy] is 
possible for a given angle of sweepback, 


WIND TUNNEL TESTS ON A SLENDER DELTA 
WING AT HIGH INCIDENCE. P. T. Fink. ZFW, 
July, 1956, pp. 247-249. Experiments to investi- 
gate the vortex separation observed on bodies of 
revolution at incidence, using a thin, sharp-edged 
plate of triangular planform as a model. Results 
are compared to those predicted in theories based 
on that of Legendre. Includes the determination of 
the surface static pressure along seven rays pass- 
ing through the apex of the wing in order toascer- 
tain whether there are stations at which the pres- 
sure distribution may be taken to be two-dimension- 
al; plotting of the values of the static pressure co- 
efficient c p as functions of the dimensionless span- 
wise coordinate y/a for the angles of incidence 
az5°, 15°, and 25°; determination of the local nor- 
mal force coefficients by integration of the pressure 
distributions; and determination of contours of 
constant total head over the suction side of the 
plate for a=5° and 15°, by transversing with a small 
pitot tube housed in a vented shield of 1.6 mm. 
diameter. 


AEROELASTICITY 


AEROELASTIC PROBLEMS IN CONNECTION 
WITH HIGH-SPEED FLIGHT. E.G. Broadbent. 
J. RAeS, July, 1956, pp. 459-475. 20 refs. 
Review of the developments in the field of aeroelas- 
ticity during the past ten years, with emphasis on 
the problems induced by increasing Mach Number. 
Problems considered include the use of thinner 
airfoils which require a greater stiffness, and the 
uncertainty of the calculations for flutter coeffi - 
cients. Analysis covers aileron reversal, diver- 
gence, longitudinal control and stability, buffeting, 
effects of kinetic heating, and flutter. Wing flutter 
is diacussed taking into account Mach Number ef- 
fects, sweepback, body freedoms, and external 
stores. Tail flutter is discussed in terms of flex- 
ure-torsion flutter and fuselage flexibility. Some 
experiments are described and their importance in 
flutter work is evaluated. 


AERODYNAMIC DERIVATIVES FOR TWO 
CROPPED DELTA WINGS AND ONE ARROWHEAD 
WING OSCILLATING IN DISTORTION MODES. 

D. L. Woodcock. Gt. Brit., RAE Rep. Struc. 201, 
Apr., 1956. 69 pp. Calculation of aerodynamic 
derivatives for three particular planforms oscillat- 
ing with symmetric distortion modes in incompress- 
ible flow. The planforms are two cropped delta 
wings with taper ratios 1/7, and aspect ratios of 
Jand 1.2 respectively. The third planform is an 
‘trowhead wing of aspect ratio 1.32, taper ratio 


105 


7/18, and an angle of sweep of 63.4° at the quarter 
chord. Results are based on Lehrian's work and 
have been obtained from the values of the matri- 
ces of the downwash velocities at the collocation 


points induced by the assumed doublet distribution 
function. 


EXPERIMENTAL MEASUREMENTS OF FORCES 
AND MOMENTS ON A TWO-DIMENSIONAL OSCIL- 


‘LATING WING AT SUBSONIC SPEEDS. Appendix 


A - DETERMINATION OF THE INPHASE MOMENT 
AND THE CENTER-OF-PRESSURE SHIFT. Appen- 
dix B - DYNAMIC MAGNIFICATION OF LIFT 
FORCE. S.A. Clevenson and Edward Widmayer, 
Jr. US, NACA TN 3686, June, 1956. 28 pp. Re- 
sults of wind-tunnel tests, including a few data in 
the transonic region and a description of an experi- 
mental method applicable to the transonic region. 
A 14-channel recording oscillograph is used to re- 
cord and correlate data, with respect to time, re- 
garding the motion of the wing in the tunnel and its 
reaction to the flowing gas and the supplied power 
necessary to maintain the oscillation. Good agree- 
ment exists between experimental results and those 
obtained theoretically by Dietze for the magnitude 
of the oscillating lift vector and for the coefficients 
in phase with the wing displacement. 


LIFT AND MOMENT COEFFICIENTS FOR AN 
OSCILLATING RECTANGULAR WING-AILERON 
CONFIGURATION IN SUPERSONIC FLOW. Appen- 
dix A - COEFFICIENTS ASSOCIATED WITH WING 
MOTION. J. H. Berman. US, NACA TN 3644, 
July, 1956. 46 pp. 13 refs. Analysis using the 
linearized theory for compressible unsteady flow to 
treat the problem of a partial-span rectangular con- 
trol surface, hinged at its leading edge and mounted 


.on a rectangular wing oscillating in supersonic flow. 


The motions of the wing-aileron configuration are 
assumed to consist of vertical translation, pitching, 
and aileron rotation. The velocity potentials for 
this configuration are derived as power series in 
terms of a frequency parameter to the fifth power 
of the frequency of oscillation. From these poten- 
tials closed expressions for section force and mo- 
ment coefficients at any spanwise location are de- 
rived. 


METHODS FOR CALCULATING PRESSURE DIS- 
TRIBUTIONS ON OSCILLATING WINGS OF DELTA 
TYPE AT SUPERSONIC AND TRANSONIC SPEEDS. 
F. Hjelte. Stockholm, KTH AERO TN 39, 1956. 

29 pp. 16 refs. Description of two procedures 
using the linearized theory. The first method is 
based on slender body theory and intended for 
small aspect ratio wings and low frequencies, and 
the second is an approximation for high frequencies. 
Both methods, which are valid for transonic as well 
as supersonic speeds and are based on Laplace 
transformations, are applied to some simple cases 
and compared with other methods. 


THE FLUTTER OF A TWO-DIMENSIONAL 
BUCKLED PLATE WITH CLAMPED EDGES IN A 
SUPERSONIC FLOW. J. G. Eisley. GALCIT 
OSR TN 56-296, July, 1956. 40 pp. - Theoreti- 
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cal and experimental investigation in which the 
theoretical work consists of a description of the 
flutter mode by a series expansion of functions 
which satisfy the boundary conditions for clamped 
edges. Quasi-steady linearized aerodynamicsare 
used and large deflections of the plate are consid- 
ered. Included are numerical calculations which 
take into account only the first two terms of the se- 
ries expansion. The experimental work involves 
wind-tunnel tests to check the validity of the theo- 
retical assumptions and results and to provide in- 
sight into the panel-flutter process for use in future 
studies. 


THE EFFECT OF WING TORSION ON AILERON- 
‘TAB FLUTTER. H. Hall. Gt. Brit., RAE Rep. 
Struc.203, Apr., 1956. 3lpp. Derivation of cri- 
teria for the prevention of wing torsion - aileron- 
tab flutter from results of calculations based onthe 
assumption of an idealized ternary type spring-tab 
system having degrees of freedom in wing pitch, 
rotation of the control surface, and rotation of the 
tab. Includes comparison of results with those ob- 
tained by Wittmeyer and Templeton. In the present 
analysis the pitching degree of freedom is spring 
restrained and is intended to represent wing torsion, 
and the tab is restrained as a trim tab or pureaer- 
odynamic servo tab. Values of aileron and tab nat- 
ural frequency relative to wing torsional frequency, 
and specific tab underbalancing combined with stat- 
ic aileron balance are given as criteria for flutter 
prevention. 


FLUTTER CALCULATIONS ON A RUDDER 
WITH TRAILING-EDGE SPOILER. Ll. T. Niblett. 
Gt. Brit., RAE Rep. Struc.202, May, 1956. 13 pp. 
Calculations of flutter on two different spoiler sys- 
tems and comparison with flight tests. The first 
system considers two degrees of freedom and rud- 
der and spoiler rotation, while in the second sys- 
tem a third degree of freedom, the rudder torsion, 
is also taken into account. Also in the second sys- 
tem a quaternary calculation including a fin flexural 
mode is made to check whetheran overmassbalanced 
spoiler would give rise to flutter. The results show 
that the theoretical flutter speeds agree with the 
flight tests, but the flutter frequency does not. The 
quaternary calculation shows that the flutter, 
which both the main surface and the main control- 
surface play necessary parts, is possible whenthe 
spoiler is overmassbalanced. 


AIR TRANSPORTATION 


in 


ECONOMICS OF ROCKET-PROPELLED AIR- 
PLANES. I. Robert Cornog. Aero. Eng. Rev., 
Sept. ,1956, pp. 30-36, 71. Analysis of the cost factors 
of a rocket-propelled transport aircraft. Methods 
maximizing gross income such as operating all 
equipment as much as possible and flying at high 
speed are included. An optimum flight program is 
outlined, taking into account launching technique 
and momentum gliding. The direct operational 
costs are broken down into six categories, anda 
comparison is made between present and future cost 
in rocket transportation. In the rocket aircraft 
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fuel cost will account for about 80% of the total, 
Velocity requirements, propellant consumption, 
and costs of different fuels are discussed. 


AIRPLANE DESIGN 
Landing Gear 


ON LANDING GEAR STRESSES. A. Gentric. 
(Docaero No. 25, Jan., 1954, pp. 17-38.) US, 
NACA TM 1422, July, 1956. 45 pp. Translation. 
Investigation of vibratory phenomena in landing 
gear. Descriptions are given of two test installa- 
tions, a toboggan and a vertical drop test machine, 
The analysis takes into account tangential forces 
applied to landing gears, the inflation pressure of 
the tires, the sliding velocity, the nature of rubber 
in the tire, and the characteristics of the ground, 
Uncertainty in the determination of the friction co- 
efficient owing to the many parameters involved is 
pointed out. Longitudinal oscillations are discuss- 
ed,and possible solutions are presented. Examples 
of fatigue failure from longitudinal oscillations are 
also examined. 


COMPUTERS 


THE SIMULATION OF MECHANICAL THRESH- 
OLD. M. Squires. Gt. Brit., RAE TNG. W. 403, 
Mar., 1956. 33 pp. Analysis of methods to pro- 
duce electronic analogs for the threshold behavior 
found in some mechanisms. This behavior is char- 
acterized by a failure to develop relative motion 
between rubbing surfaces unless the applied tangen- 
tial force exceeds some critical value; the common 
occurrence of a region of bistable operation due to 
reduction in the coefficient of friction with relative 
velocity; and a range of velocities which cannot be 
stably maintained. The first method is to obtaina 
rough analog of threshold behavior, omitting finer 
details inthe interest ofsimplicity. A preferred 
simulator is then examined which gives a more 
complete analog, including bistable behavior and 
other forms of nonlinear force-velocity relation- 
ships. Finally an intermediate form of simulator 
is proposed in which bistable behavior is reproduc- 
ed in a relatively crude manner, but is sufficient 
when the relative velocities of interest are not too 
small. 


ELECTRONICS 
Telemetry 


AN INVESTIGATION INTO THE TRANSMISSION 
OF DATA OVER A TELEPRINTER LINK. Gt. Brit. 
RAE TN TD 2, Jan., 1956. 10 pp. Evaluation of 
data transmission over a teleprinting link to feed 
data from the test station to the computer for 
tracking a missile in flight, performed for a 
period of three months showed an accumulation 
of error induced by interference in the line 
and concluded that present continuous tape method 
of recording should be replaced by a system of 
direct transmission between Hollerith cards. 
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FLIGHT TESTING 


COMPARISON OF SEVERAL METHODS FOR 
OBTAINING THE TIME RESPONSE OF LINEAR 
SYSTEMS TO EITHER A UNIT IMPULSE OR ARBI- 
TRARY INPUT FROM FREQUENCY-RESPONSE 
DATA. J.J. Donegan and C. R. Huss. US, NACA 
TN 3701, July, 1956. 39 pp. Analysis of methods 
for converting information contained ina frequency 
response to the time phase in the form of a response 
to a unit impulse. Discussion includes inverse La- 
place transform, Fourier, Schumacher, and P- 
transform methods. Comparisons indicate thatall 
methods give goodaccuracy when applied toa second- 
order system; however, some of them, when applied 
to higher order systems, require excessive comput- 
ing time to obtain the same degree of accuracy. The 
inverse Laplace transform methods are found to be 
the most useful for higher order systems. Examples 
are given for the use of these methods as flight-da- 
ta-analysis techniques in predicting loads and mo- 
tions of a flexible aircraft when the frequency re- 
sponse is known. 


FUELS 


A STUDY OF INCORPORATION OF HIGH EN - 
ERGY SUBSTANCES IN CONVENTIONAL TYPE 
FUEL MATERIALS BY PHYSICAL INCLUSION. 
D. Horvitz, F. R. Benson, I. M. Roberts, and 
H. W. Weber, Jr. Metalectro TR (AFOSR TR 56- 
17), Apr., 1956. 34 pp. 17 refs. Investigation of 
methods to incorporate hydrogen or other high en- 
ergy substances into fuel materials of conventional 
thermochemical values by a process of physical 
inclusion. Pressure methods are used to induce 
hydrogen molecules in the voids between the mole- 
cules (intermolecular inclusion), or within the mol- 
ecule itself (intramolecular inclusion). Results 
show that attempts to include more than a single 
molecule of gas within an intramolecular void 
causes a rupture of the bonds holding the mole- 
cules together owing to the high internal pressure 
required, 


INSTRUMENTS 
Timing Devices 


IMPROVED EQUIPMENT FOR TIMING WORLD 
AIRSPEED RECORDS AT HIGH ALTITUDE. N. E. 
G. Hill and W. Goldsmith. Gt. Brit. RAE Rep. 
Instn. 6, Apr., 1956. 35 pp. Development of tim- 
ing equipment for use under F.A.I. rules. A cam- 
era and chronometer were especially designed and 
are described. Further includes descriptions of the 
technique of setting up, calibrating, and using the 
equipment; and the monitoring of the airplanes 
height during a speed record attempt. Analysis of 
random errors expected in the distance and time 
measurements indicates that determination of speea 
with a margin of error of one in 2000 should be pos- 
sible at a height of 40, 000 ft. 


MACHINE ELEMENTS 


Bea ring s 


K TEORI SFERICHESKOGO PODSHIPNIKA. 
L. G. Loitsianskii. Prikl. Mat. i Mekh., 1956, 


pp. 133-135. In Russian. Derivation of a solution 
for the problem of motion of an incompressible vis- 
cous liquid between two spherical surfaces. The 
process is based on a precise integration of Reyn- 
olds equation and uses the partial integral of the 
equation obtained by Wannier. It is shown that the 
expressions for the main vector and the main mo- 
ment of the reaction of the liquid have the same 
form as in the approximate solution of the problem. 


MATERIALS 


TENSILE AND TENSILE FATIGUE PROPER- 
TIES OF TRANSPARENT ENCLOSURE ATTACH- 
MENTS FOR AIRCRAFT. E. Holm, W. Yamaguchi, 
M. E. Latham, and J. G. Stansbury. USAF WADC 
TR 54-396, July, 1954. 7l pp. Investigation of 
edge attachments for transparent aircraft enclo- 
sures. Sixteen types, ten of laminated and six of 
monolithic material, are tested for tensile strength 
at room temperature and at -65°F, and for tensile- 
fatigue at room temperature. Results indicate that 
the synthetic, fiber laminated materials are superior 
to glass cloth laminated materials for attaching 
edges where the enclosure may be loaded in bearing 
on the laminated edge. Tensile-fatigue properties 
improve with low-modulus attaching edges, and 
conversely static tensile properties increase with 
high-modulus attaching edges. : 


AIRCRAFT ARMAMENT EQUIPMENT. R. E. 
Kemelhor. Aero. Eng. Rev., Sept., 1956, pp. 
48-53. Discussion of the metallurgical and material 
problems involved in the design, development, and 
manufacture of aircraft armament, with emphasis 
on the need for a high-strength, corrosion-resistant 
stainless steel material for use in bombing sys- 
tems. Includes data on other materials used inair- 
craft armament mechanisms. Results of considera- 
tion indicate the need for a stainless steel type of 
material applicable for hook-type components with 
the following characteristics: an ultimate tensile 
strength of 200,000 psi min., anda yield tensile 
strength of 160,000 psi min.; Rockwell C-45 min. 
hardness on lug-bearing surface to prevent brinell- 
ing and galling; high toughness for both static and 
dynamic fatigue; the ability to sustain a static load 
of 150, 000 psi min. indefinitely; sufficient corrosion 
resistance to obviate the need for additional coatings 
or platings; avoidance of problems now encountered 
in stainless steel, such as intergranular and atmos- 
pheric corrosion and pitting; consistency of materi- 
als during heat-treating and general processing; and 
ease of machining. 


POISSON'S RATIOS AND VOLUME CHANGES 
FOR PLASTICALLY ORTHOTROPIC MATERIAL. 
E. Z. Stowell and R. A. Pride. US, NACA TN 
3736, Aug., 1956. 28 pp. Measurements of 
Poisson's ratios in three orthogonal directions on 
aluminum-alloy blocks in compression and on stain- 
less-steel sheet in both tension and compression, 
resulting in a method to correlate the measured 
individual values of the Poisson ratios and the 
stress-strain curves for the material. Results of 
measurements indicate no permanent plastic change 
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in volume within the accuracy of observation. The 
described method must make allowance for the dif- 
ference in the stress-strain curves in tension and 
compression since this difference is accompanied 
by significant changes in the Poisson ratios wher- 
ever it appears. 


MATHEMATICS 


NEW METHODS FOR SOLVING BOUNDARY 
VALUE PROBLEMS. Stefan Bergman. ZAMM, 
May-June, 1956, pp. 182-191. 33 refs. ONR-sup- 
ported analysis to derive a procedure for using a 
method of operators in generating sets of solutions 
of linear partial differential equations with two and, 
in some cases,three variables. The method consti- 
tutes a generalization of the "take the real part'' 
procedure. Applications to the theory of compress- 
ible fluids and for solving boundary layer and 
eigenvalue problems are indicated. 


BOUNDEDNESS AND PERIODICITY OF SOLU- 
TIONS OF THE GENERALIZED LIENARD EQUA- 
TION. W. R. Utz. Mo. U., MRG Rep. 6(AFOSR 
TN 56-282), June, 1956. 29 pp. 33 refs. Includes 
a discussion of boundedness theorems for certain 
special cases of the equation and presentation of 
theorems concerning the behavior of solutions for 
large values of t in cases where boundedness can 
not be inferred. Sufficient conditions are given for 
the existence of an infinity of periodic solutions 
when € (t) = 0. 


A METHOD FOR THE NUMERICAL EVALUA- 
TION OF AN INTEGRAL. Appendix---DERIVA- 


TION OF INTEGRATION FORMULA. T. Nonweiler. 


Coll. of Aeronautics, Cranfield, Rep. 100, Mar., 
1956. 24 pp. Development of a method for an inte- 
gral occurring in the expression for the wave drag 
of slender bodies. Formulas and data are present- 
ed for the numerical evaluation of the double inte- 
gral where numerical values for the weighting co- 
efficients and the lattice points are given. The 
method depends essentially on the representation 
of the function F(x, y) in terms of a finite double 
Fourier series which can be shown to be equivalent 
to its expression as a polynomial in x and y divided 
by the square root of xy (l-y). The quadrature for- 
mulas developed are analyzed for a particular ex- 
ample in which the function F is a constant overthe 
range of integration and F(x, y) lacks half-order 
singularities (or zeros) at the boundaries of inte - 
gration. 


ON RESTRICTED INFRAPOLYNOMIAL. I--- 
EXISTENCE AND PROPERTIES OF K-FOLD RE- 
STRICTED INFRAPOLYNOMIALS OF ARBITRARY 
DEGREE n (2 k +1), AND THEIR STRUCTURE FOR 
n=k+1. I---INFRAPOLYNOMIALS WITH PRE- 
SCRIBED CENTER OF GRAVITY OF THE ZEROS. 
M. Fekete and J. L. Walsh. Harvard U. Rep. 
(OSR TN 56-263), June, 1956. 26 pp. Develop- 
ment of some properties of a special class of 
infrapolynomials, called k-fold restricted infra- 
polynomials, which are subject to the condition of 
the sameness of their leading term, are considered 
in general sets subject to the side condition that 
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k + 1 consecutive first terms (of highest degree in 
z) should possess preassigned coefficients. 


OSCILLATION CRITERIA FOR SECOND-ORDER 
LINEAR DIFFERENTIAL EQUATIONS. Z. Nehari, 
Carnegie Inst. Tech., Dept. Math., TR 12(AFOSR 
TN 56-262), July, 1956. 26 pp. 12 refs. Develop- 
ment of a more general oscillation criteria which 
contains Hille's criteria as special cases. Proof 
is based on the minimum property of the lowest 
eigenvalue of a differential equation system. In 
order to obtain sufficient conditions a comparison 
procedure is used with a given equation whose os- 
cillatory character is known. Formulas are also 
derived for the asymptotic estimation of the num- 
ber of zeros in the solutions of certain classes of 
oscillatory equations. 


MISSILES 


AN INTERFERENCE FACTOR FOR MULTIFIN- 
NED TAIL ASSEMBLIES IN SUPERSONIC FLOW. 
J. L. Potter, N. M. Shapiro, and W.D. Murphree. 
USRA OML Rep. 2RI12F, May 18, 1956. 49 pp. 
Experimental and theoretical investigation to deter- 
mine methods of calculating normal forces and 
center of pressure of multifinned tail assemblies 
in supersonic flow. Data for four-, six-, and 
eight-finned tails of typical design are presented 
in a range of Mach Numbers from 1.73 to 4.24. 

The solution is based on a multifin interference 
parameter. One procedure is to calculate the nor- 
mal coefficient for twin-fin tails by a method such 
as Morikawa's. When the resulting curve is plotted 
against the multifin interference parameter, the 
curve is also applicable to multifin tails. Another 
procedure to follow if experimental data are avail- 
able is to plot the normal coefficient for twin-finned 
tails against the multifin interference parameter, 
and to use the resulting curve for interpolation pur- 
poses. The data also indicate that the number of 
fins does not significantly influence the center of 
pressure, 


FLIGHT INVESTIGATION OF THE PERFORM- 
ANCE OF A TWO-STAGE SOLID-PROPELLANT 
NIKE-DEACON (DAN) METEOROLOGICAL SOUND- 
ING ROCKET. R. H. Heitkotter. US, NACA TN 
3739, July, 1956. 21 pp. Evaluation of a rocket 
vehicle for upper atmosphere meteorological re- 
search, presenting a description of the rocket con- 
figuration, the zero-length launching method used, 
and the flight test results. The vehicle consists of 
a Deacon rocket containing research apparatus which 
is ejected in flight, and of a Nike booster. Radar 
beacon instrumentation is used to record a peak alti- 
tude of 356,000 ft. for the first flight test, and 
350,000 ft. for the second test run. Flight-test re- 
sults are presented in the form of data for trajec- 
tories, velocities, accelaration, and drag. Perform- 
ance calculations show that altitudes between 
358, 000 ft. and 487, 000 ft. may be attained with 
payloads varying between 60 lbs. and 10 lbs. 


NUCLEAR ENERGY 


THERMONUCLEAR POWER PLANTS. Hsue- 
Shen Tsien. Jet Propulsion, July, 1956, pp. 559- 
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564. Analysis of certain problems in the technical 
design of a thermonuclear power plant. The ther- 
monuclear reaction rate for the fusion of deuterium 
is calculated on the basis of a similar Gamow and 
Teller analysis. Pressure, temperature, and 
minimum dimensions of the necessary reaction 
chamber are determined largely by consideration 
of reaction quenching and energy loss near the 
walls. Results are presented for the output andthe 
efficiency of a power station utilizing the deuterium 
fusion reaction. Additional comment is offered by 
Greenstein on the problem of calculating the reac- 
tion quenching and energy loss rates near the walls. 


POWER PLANTS 


A THEORETICAL ANALYSIS OF REACTION 
RATE CONTROLLED SYSTEMS. M. V. Herbert. 
Gt. Brit., NGTE Rep. R.196, June, 1956. 73 pp. 
21 refs. Determination of the absolute limits of 
air loading for an adiabatic and homogeneous reac- 
tion zone taking into account the effects of inlet 
temperature and vitiation. The performance ofa 
system governed by reaction rate is characterized 
by three parameters. The first is the efficiency 
based on temperature rise; the second, an equiva- 
lence ratio based on fuel-oxygen ratio; and the third, 
the combined air loading factor. Application of 
these terms is made to the stability of baffles and 
combustion cans. The effects of pressure drop on 
the reaction rate are also discussed. 


Jet & Turbine 


INVESTIGATION OF THE EFFECT OF IMPACT 
DAMAGE ON FATIGUE STRENGTH OF JET-EN- 
GINE COMPRESSOR ROTOR BLADES. Albert Kauf- 
man and A.J. Meyer, Jr. US, NACA TN 3275, 
June, 1956. 25 pp. Determination of the effect of 
type and location of damage on the fatigue strength 
of compressor blades. Results indicate that the 
most serious damage is caused by nicks or breaks 
and tears in the surface of the leading or trailing 
edges in the vicinity of the maximum-vibratory- 
stress section of the airfoil. Dents and nicks away 
from the leading or trailing edges do not reduce the 
strength. Dents are less serious than nicks, and 
could be restored by reworking. The strength 
of seriously nicked blades could not, however, be 
reliably restored by reworking. 


PROPELLERS 


STATIC-THRUST CHARACTERISTICS OF THE 
NACA 8. 75-(5) (05)-037 DUAL-ROTATION PRO- 
PELLER. H. T. Norton, Jr. US, NACA RM 
L56C27, July 10, 1956. 16 pp. Experimental inves- 
tigation of dual-rotation propellers having six and 
eight blades at the Langley test stand, to determine 
the vibratory stress due to blade passage, with 
wake-velocity surveys and measurements of thrust 
and torque. Force data is obtained for a blade-an- 
gle range of 4° to 20°, measured at the 0.75 radial 
station of the front propeller, and the blade angle 
of the rear propeller, measured at the 0.75 radial 
station, set 1° less than the front propeller for 


most of the tests. The maximum propeller tip 
Mach Number for the tests is 0.89. Results indi- 
cate that: in general, the eight-blade propeller has 
a higher value of static-thrust figure of merit (be- 
cause of its better power-absorption qualities) 
than the six-blade propeller, for all except the low- 
est values of power coefficient; for a given power 
coefficient the effect of increasing the tip Mach 
Number from 0.4 to 0.6 for either the six- or the 
eight-blade propeller is to increase the value of the 
static-thrust figure of merit; the effect of the rear 
propeller on the static-thrust figure of merit of the 
front propeller is negligible compared with the ef- 
fect of the front propeller on the rear propeller; 
the computed total thrust by the empirical method 
at the lower blade angles is within 5% of the meas- 
ured thrust; and a difference of -1° in blade angles 
of the front propellers should give equal power at 
static conditions. 


FLUTTER OF THIN PROPELLER BLADES, IN- 
CLUDING EFFECTS OF MACH NUMBER, STRUC- 
TURAL DAMPING, AND VIBRATORY-STRESS 
MEASUREMENTS NEAR THE FLUTTER BOUND- 
ARIES. H.H. Hubbard, M.F. Burgess, and M.A. 
Sylvester. US, NACA TN 3707, June, 1956. 25pp. 
Investigation of flutter of propeller blades with 
three different plan forms. Results indicate that 
a highly twisted 2% thick blade has rather complex 
flutter boundaries and that several modes of flutter 
are involved. Both the upper and lower flutter 
boundaries are defined for a 6% thick blade for which 
the Mach Number effects appear to limit the extent 
of the flutter region. Increases in the minimum 
flutter-speed coefficients are noted for increasing 
structural and hub damping. Internal blade damp- 
ing is shown to be beneficial in reducing the magni- 
tude of the vibratory stresses of a 3% thick blade 
during flutter. At some resonance conditions 
stresses of the same order of magnitude as the flut- 
ter stresses are encountered. These stresses are 
also lower for increased internal blade damping. 


ROCKET SLEDS 


SEMINAR REPORTS AND ABSTRACTS OF PA- 
PERS - SECOND EXPERIMENTAL TRACK SYM- 
POSIUM; Held at Hollywood, Calif., and the Air 
Force Flight Test Center, Edwards AFB, Sept. 
26-28, 1955. Edwards AFB, Calif., USAF FTC, 
ARDC, 1955. 55 pp. Contents: -Seminars - THE 
ROLE OF LIQUID PROPELLANTS IN HIGH SPEED 
TRACK TESTING. INSTRUMENTATION FOR EX- 
PERIMENTAL TRACKS. PARACHUTE DEVELOP- 
MENT TESTING. ESCAPE SYSTEMS TESTING. 
TRACK TESTING DEVELOPMENT PROBLEMS. 
FUTURE REQUIREMENTS FOR TRACK TESTING 
SUPPORT. Abstracts of papers: STATUS RE- 
PORT ON SNORT, W. D. Drinkwater. USE OF 
ROCKET SLEDS IN EXPERIMENTAL WIND BLAST 
TESTS, J. P. Stapp. THE USE OF SHOCK 
ISOLATION SYSTEMS, Ernest Coleal. AC- 
TIVITY REPORT ON AFFTC TRACKS, R. L. King. 
INTRODUCTION TO PROJECT SMART, C. A. 
Brosterhous. DEVELOPMENT OF A WATER 
BRAKE RECOVERY SYSTEM, C. T. Hurd. THE 
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SNORT SYSTEM FOR MEASURING SLED POSITION 
AND TIME, B. W. Pike. ABERDEEN PROVING 
GROUND BALLISTIC TRACK, M. E. Bonnett. 

THE DYNAMICS OF CRASH RESTRAINT HAR- 
NESSES, Y. Hiroshige. PARACHUTE TESTING 
ON THE HIGH SPEED TRACK, R. Berndt. AR- 
MAMENT TESTING ON HIGH SPEED TRACKS, 

B. R. Egbert. THE FLOW CHARACTERISTICS 
OF A RAM INLET AND WIND TUNNEL COMBINA- 
TION, G. Eber. 


ROTATING WING AIRCRAFT 


MINISTRY OF SUPPLY - RD.HELICOPTERS; 
NOTATION FOR ROTORCRAFT WORK. A. Armi- 
tage. Gt. Brit., MOS RDH TN 1/56, Apr., 1956. 
30 pp. <A suggested standard notation for rotating 
wing aircraft work, resulting from a study of nu- 


merous papers of many sources of origin. Contents: 


general symbols and physical quantities, parame- 
ters at the rotor disc, airflow parameters ata 
blade element, rotor blade motion,and stability and 
control. An omnibus list of symbols is included. 


HELICOPTER BLADE VIBRATION AND FLUT- 
TER. R.H. Miller andC. W. Ellis. AHS J., 
July, 1956, pp. 19-38. Discussion and analysis of 
a method to reduce helicopter vibration arising 


from vertical forces acting at the rotor hub by plac- 


ing the blade in torsional resonance with the domi- 
nant harmonic and by adjusting the chordwisec.g. in 
such a way as to cancel the aerodynamic exciting 

force, regardless of its origin. Includes analysis 


of the blade stability boundaries, taking into account 


the effects of elastic deflections in bending, anda 
lag hinge. Results indicate that a very close rela- 
tion exists between the degree of blade stabilityand 
the response of the rotor to vibratory airloads, and 
that a substantial reduction in vibratory shear 


forces produced by the rotor in a given flight condi- 
tion can be made by the proper choice of rotor blade 


c.g. position and torsional restraint: reduction to 
less than 1/3 the value of shear produced by a tor- 
sionally rigid blade is practical even in the ab- 
sence of resonant elastic flapping. 


SOME NEW CONCLUSIONS ABOUT HELICOP- 


TER MECHANICAL INSTABILITY. Troels Warming. 


AHS J., July, 1956, pp. 1-9. Theoretical investiga- 
tion taking into account all acting forces and mo- 
ments in order to derive the necessary equations 
from the condition of their equilibrium. The analy- 
sis is limited to rotors with three or more blades, 
and the pylon considered is a concentrated massat 
the center of the hub, which can move in the plane 
of rotation. The spring and damping forces acting 
on the pylon are the same in all directions (isotrop- 
ic mounting). Results indicate that the effect of 
the rotor on the pylon is that of added inertia and 
damping, both of which may be negative. The add- 
ed inertia changes the pylon natural frequency so 
that instability may occur outside the generally 
accepted range. The two conditions for stability 
are that the product of pylon and blade damping, as 


well as the blade damping itself, exceed certain val- 


ues. It is further shown that a helicopter may be 
stable at its center of instability, but unstable at 
higher speeds. 
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SPACE TRAVEL 


FACTORS AFFECTING THE LIFETIME OF 
EARTH SATELLITES. N. V. Petersen. Aero 
Dig., July, 1956, pp. 74-82. Discussion of per- 
turbing forces on satellite stability. Such forces 
include nonsphericity of the earth, anomalies inthe 
earth's crust, and drag due to immersion of the 
satellite in earth's atmospheric envelope. 


THERMAL CONTROL IN A SPACE VEHICLE, 
P. E. Sandorff and J.S. Prigge, Jr. J. Astronau- 
tics, Spring, 1956, pp.4-8, 26. Analysis, based on 
estimated performance for actual conditions and 
materials, to calculate the temperature distribution 
on the hull of.a space vehicle subject to solar radi- 
ation but not to earth shine, with the hull assumed 
to be of high-strength aluminum alloy and spherical 
in shape. The problem of establishing and main- 
taining control of the temperature inside of the ve- 
hicle is treated as an engineering design problem, 
Use of the "thermos bottle principle" in connection 
with a Whipple meteor shield is seen as a practical 
answer to isolation of the vehicle proper from the 
heating and cooling effects of radiation. Other pos- 
sible solutions to thermal problems encountered 
by specific vehicles include the utilization of heat 
storage capacity, shadow transit times, and re- 
flectance points for short periods. 


STRUCTURES 


A CREEP BUCKLING HYPOTHESIS. George 
Gerard. J. Aero. Sci., Sept., 1956, pp. 879-882, 
887. 10 refs. Formulation of the creep-buckling 
phenomenon in terms of classical stability theory 
which permits the extension of known solutions for 
plastic buckling of certain thin plates and shells to 
creep-buckling problems and eliminates the need 
for complex initial-imperfection analyses. Availa- 
ble test data on creep buckling of columns, for 
which the compressive creep properties are known, 
are used to check the theory. 


NON-LINEARITY OF CORRUGATED DIA- 
PHRAGMS. J. A. Haringx. Appl. Sci. Res., 
Sect. A, No. 1, 1956, pp. 45-52, Calculation, 
using an analytic method developed for determining 
the rigidity of corrugated diaphragms, of the de- 
gree of nonlinearity of the relations between load 
and deflection to be expected for large deforma- 
tions. The diaphragm is assumed to be thick, and 
the total amount of energy accumulated in the de- 
flected diaphragm is determined from the line of 
deflection derived by Haringx, and by taking into 
account the deformation in the plane of the dia- 
phragm. The corresponding load is determined by 
identification of the external work done during a 
virtual increase in the deflection with the related 
increase in the internal energy of deformation. By 
means of an example it is shown that the introduc- 
tion of corrugations into the flat plate, though un- 
avoidably increasing the initial rigidity, involves 
an important gain in maximum deflection for the 
same degree of nonlinearity. 


BESTIMMUNG DER RANDVERSCHIEBUNGEN 
BEI EBENEN SPANNUNGSPROBLEMEN. Udo 
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Wegner. ZAMM, May-June, 1956, pp. 192-198. 

In German. Derivation of a simple principle of 
variation for the approximate computation of the 
necessary potential function required in the calcu- 
lation of edge-displacement in stress problems. 
Results of the analysis indicate that the solution of 
such calculations for disc-shaped bodies depends 
on the determination of a potential, rather than a 
bipotential function. 


O PREDSTAVLENII OSNOVNIKH SOOTNOSHE- 
NU. NELINEINOI TEORII OBOLOCHEK. UN. A. 
Alumiae. Prikl. Mat. i Mekh., 1956, pp. 136-139. 
In Russian. Discussion of the basic relationships 
in the nonlinear theory of shells, analogous to No- 
yozhilov's presentation in the linear theory. Formal 
symmetrical tensors of tangent stresses and mo- 
menta are introduced, as well as the symmetrical 
tensors of deformation. This results in a relative- 
ly simple analogy between static and geometrical 
expressions. Main relationships are derived for 
the determination of the critical value of the mo- 
mentless initial stressed state. 


Bars & Rods 


FATIGUE CRACK PROPAGATION IN SEVERELY 
NOTCHED BARS. W.S. Hyler, E.D. Abraham, and 
H.J. Grover. US, NACA TN 3685, June, 1956. 31 
pp. 10 refs. Fatigue tests in rotating bending on 
severely notched bars machined from 2024-T4 alu- 
minum-alloy extruded round rods. Two sizes are 
studied, 1/4-inch-diameter and 2-inch-diameter 
specimens. Cracks in large-diameter specimens 
have a period of rapid crack growth followed by a 
marked tapering off in rate of crack propagation. 
Includes a qualitative demonstration of the presence 
of compressive residual stresses, supposedly as- 
sociated with the crack behavior. 


Beams & Columns 


FORCED RESPONSES OF TWO ELASTIC 
BEAMS INTERCONNECTED BY SPRING-DAMPER 
SYSTEMS. Michael Dublin and H. R. Friedrich. 
J. Aero. Sci., Sept., 1956, pp. 824-829, 887. De- 
scription of a theoretical method to determine the 
forced responses, with numerical results for a 
simplified configuration. The theory, which as- 
sumes elastic beams having variable mass, stiff- 
ness, and structural damping distributions, is prac- 
tically applicable in the investigation of forced re- 
sponses during rough water taxiing of a seaplane 
equipped with hydroskis, and in other forcedvibra- 
tion problems where the elasticity of beams is im- 
portant. Includes remarks on how to use the re- 
sults for obtaining the responses due to anarbitrary 
force input. 


ON THE ELASTIC FAILURE AND THE BUCK - 
LING OF A COLUMN UNDER ECCENTRIC LOADS. 
Shosaburo Negoro. Kyushu U., Rep. Res. Inst. 
Appl. Mech., Oct., 1955, pp. 41-56. Analysis us- 
ing Sunatani's buckling theory and assuming the 
columns to be prismatic bars of uniform cross sec- 
tion hinged at both ends, to determine whether elas- 
tic failure occurs when the greatest skin stress in 


lll 


the column reaches the stress at the yield point of 
the material. Results of investigation using previ- 
ously derived formulas for the bending of a strut 
under axial loads indicate that the greatest bending 
moments occur in columns with arbitrarily formed 
cross sections which are loaded in such a way that 
one of the principal axes of the cross section is in 
the bending plane caused by eccentric loads, andin 
columns with circular cross sections which are so 
loaded that, in general, the principal axes of the 
cross section are outside of the aforementioned 
bending plane. Formulas for the buckling of such 
columns are derived from the moment and bending 
formulas. 


Cylinders & Shells 


BENDING TESTS OF RING-STIFFENED CIR- 
CULAR CYLINDERS. J. P. Peterson. US, NACA 
TN 3735, July, 1956. 14 pp. Experimental inves- 
tigation of 25 ring-stiffened cylinders loaded to 
failure in bending. The main structural parame- 
ters varied in the tests were the ratio of ring spac- 
ing to radius, and the radius-thickness ratio; also 
the geometric size of the cylinders was varied. 
The rings used were heavy in order to eliminate 
general instability type failures which involve si- 
multaneous failure of the cylinder wall and of the 
rings. Test results are presentedas design curves 
for cylinders subjected to local buckling. The 
curves predict higher failing stresses than previous 
curves now in use which are based on tests of one- 
bay compression cylinders. 


DYNAMIC BUCKLING TESTS OF ALUMINUM 
SHELLS. A. F. Schmitt. Aero Eng. Rev., Sept., 
1956, pp. 54-58. Investigation of thin-walled, un- 
stiffened shells buckled by the axial impact of high- 
velocity masses, in order to determine the magni- 
tudes of peak loads developed, the character of the 
load-deformation relationship, and the energy ab- 
sorbed by the member during deformation. Results 
indicate that the energy absorbed in the dynamic 
buckling of a pure shell is greater than that absorbed 
in slow, static collapse, the ratio of these energies 
increasing with the increasing impact velocity over 
the range of velocities tested (up to 500 in. per sec.) 
and probably beyond that, through any range of ve- 
locities normally anticipated in vehicle crashes. An 
initial instability pattern, whose failure mode is of 
the same diamond pattern as experienced in static 
tests but develops uniformaly over the entire shell 
evolves rapidly following the impact, and the wave 
lengths of these patterns decrease with tests of in- 
creasing impact velocity. As the failure progresses 
during a dynamic test, an intense local crippling ac- 
tion develops adjacent to the moving bulkhead with 
the bulkhead appearing to chew its way along the 
specimen. The assumption that the finer, more 
general instability pattern developed under impact 
results in the bending and twisting of more material 
during subsequent collapse, accounts for the in- 
crease of energy absorption. Parameters are giv- 
en for the successful reduction of energy-absorbed 
data from various dynamic tests. 
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BEITRAG ZUR FRAGE DER BEULUNG DUNN- 
WANDIGER AXIAL GEDRUCKTER KREISZYLIN- 
DER. W. Thielemann and H. J. Dreyer. DVL 
Bericht No. 17, June, 1956. 29 pp. ll refs. West- 
deutscher Verlag, K5ln & Opladen. In German. 
Results of experiments for the determination of 
buckling stresses in thin-walled circular cylinders 
subjected to axial pressure, indicating considerable 
variation between the calculated data and the clas- 
sical theory of stability. The calculation is based 
on an extension of von Karman-Tsien and Donnell 
theory for large deformations in cylindrical shells. 


Elasticity & Plasticity 


INELASTIC COLUMN BUCKLING. L. H. Lars- 
son. J. Aero. Sci., Sept., 1956, pp. 867-873. 
Theoretical investigation of the inelastic buckling 
process in order to compare the maximum load 
with the tangent modulus and reduced modulus loads 
and to derive an exact theory of the centrally com- 
pressed, initially slightly curved column. An ap- 
proximate solution is described which is based on 
the assumption that the deflection curve is a half 
sine wave, and it is numerically illustrated for a 
straight column. Results show that the tangent 
modulus theory in most cases yields a better ap- 
proximation for the maximum load supported by a 
centrally loaded, initially straight column than does 
the reduced modulus theory. 


ESHCHE RAZ K VOPROSU O TSILINDRICHES- 
KOI FORME POTERI USTOICHIVOSTI UPRUGO- 
PLASTICHESKIKH PLASTINOK. Iu. R. Lepik. 


Prikl. Mat. i Mekh., 1956, pp. 140-143. In Russian. 


Study of the cylindrical form of the loss of stability 
of a rectangular plate under the assumption that the 
deflection of the plate is relatively small, and that, 
in the case of greater deflection, areas of secondary 
plastic stresses occur in the plate, reducing its 
resistance to any further bending. The plate is 
considered as rather long in one direction, uniform- 
ly compressed in the perpendicular direction, and 
having freely supported edges. The material ofthe 
plate is assumed incompressible, and plastic defor- 
mations prior to the loss of stability small when 
compared with elastic stress. 


Plates 


CREEP DEFLECTION OF VISCOELASTIC 
PLATE UNDER UNIFORM EDGE COMPRESSION. 


T. H. Lin. J. Aero. Sci., Sept., 1956, pp. 883- 
887. 18 refs. Derivation of the stress-strain- 


time relationship (expressed as a Laplace trans- 
form) of a viscoelastic body under plane stress, 
and description of a method for determining the 
deflection-time curve of a viscoelastic plate under 
edge thrust by obtaining the sum of the magnified 
terms at different instants of the double sine series 
by which the initial deflection is expressed. The 
equilibrium condition for the plate is shown in 
terms of lateral deflections. Results of analysis 
indicate that the shape of the deformed suriace gen- 
erally changes with time. 
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BENDING OF A CIRCULAR PLATE WITH AN 
ECCENTRIC CIRCULAR PATCH SYMMETRICAL- 
LY LOADED WITH RESPECT TO ITS CENTRE. 
W. A. Bassali and R. H. Dawoud. Proc. Cam- 
bridge Philos. Soc., July, 1956, pp. 584-598. 


Derivation of expressions for the slope and cross- 
couples over the boundary and for the deflections 
at the centers of the plate and the loaded patch 
from solutions, obtained through the use of the 
complex variable method, for the deflection of the 
described circular plate under the general bounda- 
ry condition including four specialcases. These so- 
lutions are used to predict the deflection at any 
point on such a plate. 


UBER DIE BEULUNG ANISOTROPER PLATTEN. 
STREIFEN. W. Thielemann. DVL Bericht No. 16, 
June, 1956. 70 pp. 18 refs. 
K6ln & Opladen. In German. Determination of 
buckling loads (using the exact method) of aniso- 
tropic flat strips whose moment-free mounted or 
fixed edges are subjected to uniformly distributed 
pressure. For the case of sheer pressure loading 
a diagram is presented in general form for the 
buckling loads of arbitrarily anisotropic flat strips 
depending only on two stiffness coefficients for 
isotropic plates. Application of results of the buck- 
ling theory to anisotropic cases. 


STUDY OF SIZE EFFECT IN SHEET-STRINGER 
PANELS. J. P. Doman and E. B. Schwartz. US, 
NACA TN 3756, July, 1956. 25 pp. Investigation 
to determine whether there are significant size ef- 
fects in compressive strength of large Z-~stiffened 
sheet stringer panels as compared with geometri- 
cally similar smaller models, and to determine 
whether the prediction of the strength of large pan- 
els by model tests is reliable. Four representative 
types of panels are studied with full-scale and one- 
quarter-scale panels of eachtype. Results indicate 
that size effects are neglible in the compressive 
strength of large -scale stiffened panels tested as 
compared with geometrically similar small-scale 
panels. 


Testing 


HIGH TEMPERATURE STRAIN GAGE RE- 
SEARCH. Ed. by F. G. Tatnall. I---ADVANCES 
IN THE ART OF HIGH TEMPERATURE STRAIN 
GAGES. F.N. Singdale. Il---HIGH TEMPERA- 
TURES STRAIN SENSITIVE ALLOYS. Eugene 
Cohn, A. L. Abrams, Frank Gagliano, and Otto 
Schmitt. II---PRINTED CIRCUIT AND WIRE 
MESH HIGH TEMPERATURE STRAIN GAGES. 
Hyman Leggett. IV---PRELIMINARY REPORT ON 
HIGH TEMPERATURE SYNTHETIC MICA STRAIN 
GAGES. G. A. Brewer. V---EXPERIMENTAL 
PRODUCTION OF ADHERENT OXIDE FILMS 
SHOWING PROMISE AS HIGH TEMPERATURE 
STRAIN GAGE SUPPORTS. R. E. Fearon. VI--- 
THE EXTENSOMETER MICROMETER. USAF 
WADC TR 55-209, May, 1955. 48 pp. 


Westdeutscher Verlag,’ 
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Thermal Stress 


THERMAL STRESSES IN VISCOELASTIC 
STRUCTURES. William Prager. ZAMP, May 25, 
1956, pp. 230-238. Analysis of the thermo-me- 
chanical behavior ofa statically indeterminate truss 
which consists of Maxwell bars, taking into account 
the effects of typical variations of loads and tem- 
peratures on truss stresses, The principle of vir- 
tual displacements is used throughout the analysis. 
Solutions are obtained for homogeneous trusses 
where relaxation time is the same for each bar, and 
for nonhomogeneous trusses where the dependence 
of the relaxation time on the average temperature 
must be taken into account, owing to different ma- 
terials or to the difference of their average temper- 
atures. 


SOME EFFECTS OF JOINT CONDUCTIVITY ON 
THE TEMPERATURES AND THERMAL STRESSES 
IN AERODYNAMICALLY HEATED SKIN-STIFFEN- 
ER COMBINATIONS. Appendix A - SPECIAL 
CASE OF ZERO JOINT CONDUCTIVITY. Appendix 
B - DIFFERENTIAL EQUATIONS FOR CALCULAT- 
ING TEMPERATURES. Appendix C - THERMAL— 
STRESS EQUATIONS. Appendix D - NONDIMEN- 
SIONAL RATIOS. G.E. Griffith and G.H. Mil- 
tonberger. US, NACA TN 3699, June, 1956. 62 
pp. Investigation of aerothermo-effects in skin- 
stiffener combinations for different aerodynamic 
conditions, carried out in nondimensional form with 
an electronic differential analyzer. Variations are 
made in the aerodynamic heat transfer parameter, 
in the joint conductivity parameter, and in the ratio 
of skin width to skin thickness. Results indicate 
that: a decrease in the joint conductivity parame- 
ter lowers both the interior and the average tem- 
perature ratios, increases the peak thermal stress 
ratios in the skin, and may considerably increase 
the peak stiffener stress ratios; an increase of the 
aerodynamic heat-transfer parameter decreases 
the interior and average temperature ratios, in- 
creases the peak skin stress ratios somewhat, but 
greatly increases the peak stiffener stress ratios; 
and an increase in the ratio of skin width to skin 
thickness produces only a moderate decrease inthe 
peak skin stress ratios while moderately increas- 
ing the peak stiffener stress ratios. 
atures. An example of combined loads and temper- 
ature effects is obtained by assuming a certain vari- 
ation resulting in a maximum loading intensity when 
the temperature differences vanish, andvice versa. 


THERMODYNAMICS 


INTRODUCTION TO IRREVERSIBLE PROCESSES. 
J. de Boer. U. Wis. NRL Dept. Chem. Rep. WIS- 
AF 2, July 26, 1956. 27 pp. Explanation of the 
theory with illustrative examples. Covers: thermo- 
dynamics of irreversible processes, evaluation of 
irreversible entropy production in simple systems, 
cross-effects in thermodynamics of irreversible 
processes, the principle of minimum entropy pro- 
duction and Thomson's method, irreversible proc- 
esses and Brownian motion, and proof of the Onsa- 
ger relations. 


Combustion 


STABILITY OF SYSTEMS CONTAINING A HEAT 
SOURCE - THE RAYLEIGH CRITERION. Boa-Teh 
Chu. US, NACA RM 56D27, June 26, 1956. 25 pp. 
10 refs. Analysis of oscillatory phenomena is sys- 
tems containing an energy source to establish the 
condition under which a small disturbance is am- 
plified in the course of time by its interaction with 
a heat source. Application is made to two special 
cases, first, when the heat source is a planeheater 
and there is a current of air through a tube with 
Mack Numbers of the order of magnitude of 0.01 or 
less, and the second, when the heat source isa 
flame front. In the case of a flame, it is found 
that the Rayleigh criterion must be modified slightly 
if the specific-heat ratios of the burned and unbur- 
ned gases are different. 


SPECTROGRAPHIC EXAMINATION OF GASE- 
OUS FLAMES AT HIGH PRESSURE. J. Diederich- 
sen and H. G. Wolfhard. Proc. Royal Soc. (London), 
Ser. A, July 10, 1956, pp. 89-103. 12 refs. Inves- 
tigation into the light emission of both premixed 
and diffusion flames burning at pressures up to 40 
atmospheres. Results indicate that the equiparti- 
tioning of energy released by chemical reaction is 
faster at high pressures. This leads to the sup- 
pression of unstable radicals which are observed 
in low pressure flames. The radiation of oxygen 
flames is mainly determined by the increase in 
temperature of flames burning at high pressure, 
and leads to a strong increase in the emission from 
the products which are present in equilibrium such 
as OH and O2. Continuous gas radiation increases 
very strongly with pressure and two types of con- 
tinua can be distinguished, the carbon monoxide 
flame continuum, and the hydrogen flame continu- 
um. This continuous radiation is responsible for 
most of the light emitted from high pressure flames. 


SPACE HEATING RATES FOR SOME PRE- 
MIXED TURBULENT PROPANE-AIR FLAMES. 
B. D. Fine and P. Wagner. US, NACA TN 3277, 
June, 1956. 26 pp. 10 refs. Experimental inves- 
tigation extending Simon-Wagner results to meas- 
urements over a larger range of flow conditions in 
order to evaluate critically the concept and its util- 
ity, and to investigate directly the generality of the 
equation Z = 6.1 Uy /d. Procedures used are the 
stabilization of piloted turbulent propane-air flames 
above burners in fields of pipe~induced turbulence, 
and visual measurement of flame volumes from neg- 
atives of time-exposure photographs. Space con- 
version and space heating rates are calculated and 
their behavior examined with respect to changes in 
stream velocity, burner diameter, laminar burning 
velocity, and pilot conditions. In addition, turbu-~ 
lent burning velocities are calculated, and the rela- 
tion between turbulent burning velocity and space 
conversion rate is examined. 


Heat Transfer 


EFFECT OF PHOSPHATE COATINGS ON TEM- 
PERATURE OF METAL PARTS EXPOSED TO 
FLAME ENVIRONMENTS. G.C. Fryburg, N. H. 
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Katz, and S. L. Simon. US, NACA TN 3279, July, 
1956. 20 pp. ll refs. Investigation of the effect 
of phosphate coatings on the temperature of a met- 
al surface. Cylindrical specimens of mild steel 
and S-816 alloy are heated in a natural gas flame. 
For both types of metals, coated specimens main- 
tain a lower temperature even after being subjec- 
ted to the flame for 300 hours. Results also indi- 


cate that the temperature lowerings arise primari- 
ly from the high emittance of the phosphate coating 
rather than from a poisoning action. 


WATER-BORNE AIRCRAFT 


PRELIMINARY INVESTIGATION OF SELF-EX- 
CITED VIBRATIONS OF SINGLE PLANING SUR- 
FACES. E.J. Mottard. US, NACA TN 3698, June, 
1956. 19 pp. Tests ona practical hydro-ski configu- 
ration to determine the effects of varying some of 
the structural and geometric properties and to de- 
termine the degrees of freedom required for the 
vibrations to occur. Results indicate that self-ex- 
cited vibrations occur with a high aspect ratio of 
the wetted portion may occur without a change 
in trim angle, and can be decreased in severity or 
eliminated by the use of planing surfaces which lim- 
it the aspect ratio. A 60% increase in the thick- 
ness of the hydro-ski causes a definite increase in 
the speed at which the vibration first occurs, and 
a 70% decrease in the overhang eliminates the vi- 
bration for the ranges of speed and load investi- 
gated. 


WIND TUNNELS & RESEARCH FACILITIES 


TRANSONIC WIND TUNNEL TEST SECTIONS. 
P. F. Maeder and A. D. Wood. ZAMP, May 5, 
1956, pp. 177-212. 48 refs. OSR-sponsored 
view of the flow phenomena in transonic wind tun- 
nels taking into account blockage, angle of inci- 
dence, buoyancy, and streamline curvature inter- 
ferences. It is determined that the optimum prop- 
erties of a transonic tunnel result from the use of 
a combination of solid wall and open jet boundaries, 
and various combinations of these are examined. 
For subsonic flow the blockage interference on the 
model and the buoyancy interferency on the wake 
can be eliminated by proper choice of a longitudinal 
slot configuration. The angle of incidence correc- 
tion and the streamline curvature interference are 
evaluated for a rectangular test section with topand 
bottom walls slotted, and for a slotted circulartest 
section. For perforated walls blockage and buoy- 
ancy effects can be evaluated, but the angle of inci- 
dence correction is known only for a circulartunnel, 
and streamline curvature interference effects are 
not known. In supersonic flow the perforated wall 
seems to perform more satisfactorily for the two 
dimensional case, with complete wave cancellation 
possible. In the slotted wall better attenuation is 
obtained in the three-dimensional case, 


re- 


A DESIGN OF ELECTRICAL CONTROL HEAT- 
ERS FOR OPERATION WITH A SUPERSONIC, 
BLOW-DOWN WIND TUNNEL. R.A. Fetter, Jr. 
U. Tex. DRL Rep. 382 (AFOSR TN-188), June, 
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1956. 76 pp. 17 refs. Development of a 420-kw,. 
electrical resistance heater to maintain a constant 
air stagnation temperature in supersonic wind tun- 
nels, The heating unit consists of a stainless steel 
Inconel box containing filaments of Nichrome V 
wire, held in place by ceramic beads. Three such 
units are arranged endtoend inaheavy pipe casing. 
An oscilloscope equipped with camera is used to 
record the heater current wave forms. Three self 
compensating printing recorders are used to re- 
gister various temperatures in the tunnel circuit. 
Power input is controlled by potentiometers which 
determine the point on the cycle at which the igni- 
tions permit the current to pass. 


CALIBRATION OF THE FLEXIBLE PLATE 
NOZZLE IN THE TRANSONIC MODEL TUNNEL 
OF THE PROPULSION WIND TUNNEL. J.C. Mar- 
shall. USAF AEDC TN-56-5, June, 1956. 36 pp. 
Discussion of the tunnel calibration for measuring 
the flow quality in the nozzle, with emphasis on the 
Mach Number distribution along the axial center- 
line of the nozzle. Pressure measurements are 
made at 16 points along the centerline, and local 
Mach Number is computed from local static pres- 
sure and the stilling chamber total pressure. In- 
fluences of jack deflections on Mach Number are 
determined, and used in an attempt to improve the 
flow quality. Only small correction is possible 
owing to the fact that there are only three jack sta- 
tions in the supersonic region of the nozzle. Flow 
angularity measurements with a yaw probe indicate 
that the asymmetry of the nozzle is small. 


THE APPLICATION OF THE SHOCK TUBE TO 
THE STUDY OF THE PROBLEMS OF HYPERSONIC 
FLIGHT. A. Hertzberg. Jet Propulsion, July, 
1956, pp. 549-554, 568. 18 refs. Description of 
the shock tube capable of generating the high tem- 
perature conditions in air encountered in hypersonic 
flight, with a presentation of design modifications 
studied at CAL. Results point out that if the con- 
ventional shock tube is terminated by an expansion 
nozzle, high Mach Number flows can be achieved 
as well as high stagnation temperatures. Actual 
flow conditions can therefore be closely simulated 
for the investigation of heat transfer rates and oth- 
er aerodynamic problems. The application of the 
shock tube to other areas of high temperature re- 
search is briefly discussed, in particular a tech- 
nique for the study of high temperature chemical 
reaction rates. 


APPARATUS AND TECHNIQUES FOR THE AP- 
PLICATION OF A WATER FLOW SYSTEM TO THE 
STUDY OF AERODYNAMIC SYSTEMS. E. F. Win- 
ter and J. H. Deterding. Brit. J. Appl. Phys., 
July, 1956, pp. 247-261. Development of an appa- 
ratus in which the flow of water may be studied in 
transparent models of simulated air systems. The 
flow is rendered visible by plastic tracers of den- 
sity similar to water, which are illuminated by 
lamps. Details are given for the apparatus along 
with examples of some of the types of information 
obtainable, and the requirements for similarity 
with aerodynamic systems are stated. 
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Waldes Truarc Retaining Rings Eliminate Machining ; 
and Parts—Cut Assembly Time on Drill and Tapper — 


Beco Model 410 Drill and Tapper 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses 
4 different sizes of 2 different type Waldes Truare rings in 
their new BECO Model 410 Automatic Drill and Tapper. Truarc 
rings speed assembly, reduce machining, improve design. 


Bell Crank Pivot Assembly 


Truare Rings (Series 5100) in Bell Crank Pivot assembly per- 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 
considerably. 


Whatever you make, there’s a Waldes Truarc Re- 
taining Ring designed to improve your product... to 
save you material, machining and labor costs. They're 


ALTERNATE DESIGN TRUARC DESIGN 


Clamp Cylinder Rod Stop Assembly 


Truare ““E” Rings (Series 5133) replace stop nuts in the Clamp 
Cylinder assembly. They eliminate need for threading 2 rods 
...the danger of cross-threading nuts...and costly rejects. 
Truare Rings cut assembly time and cost. 


ALTERNATE DESIGN TRUARC DESIGN 


Hopper Cylinder Anchor Pin Assembly 


2 Truarc Rings (Series 5100) secure and position end of verti- 
cal air cylinder. Rings eliminate extra cost of machining 3- 
diameter pin, threading and undercutting... plus nut and 
washer. Assembly is quick and sure. 


different sizes within a type...5 metal specifications 
and 14 different finishes. Truarc rings are available from 
90 stocking points throughout the U. S. A. and Canada. 


quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 
engineers help you solve design, assembly and pro- 


36 functionally different types...as many as 97 duction problems... without obligation. 


For precision internal grooving and undercutting... yalges Truare Grooving Tool! 
cS 


WALDES 


Wikies noor, inc., 47-16 Austel Piace, L. 1. C. 1, N.Y. 


| | 

R | Please-tse e new supplement No. 1 which | 

\ | brings @atalog RR 9-52 up to date. | 
\ | | Name | 
® | Title »§ | 

| | | 

| 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L. 1. C. 1, .N. Y. 
SAATES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U. S. Patents: 2,382,948; 2,411,426; 


254 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
944,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries. 


Business Address Os, 
—— 


| 

Sy 

| 

| 
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FIXED STYLI RECORDERS 


640 Recording Styli 


Drive 


Drive Roller 


512 ANALOG LEVELS 
VARIABLE CHART SPEED 
@ RECORDING ACCURACY: 
1 PART IN 512 Personnel 
@ INSTANTANEOUS READOUT Inquiries 
WITHOUT PROCESSING 


@ ANALOG VOLTAGE PHENOMENON RECORDED ~- 
WITHOUT OVERSHOOT, UNDERSHOOT OR 
OSCILLATORY DISTURBANCES 


RADIATION Inc. 


Electronics * Avionics * Instrumentation 


Here’s the SMALLEST and LIGHTEST 


Quick Disconnect in the Aijr...! 


CONTROL CABLE is quickly disconnected 
with the new Mark II Speed Rig...and can be 
restored to identical tension in a matter of 
seconds — without re-rigging! 

Ideal for use where space and weight are 
critical, the miniature Mark II is available for 
swaging directly to a cable, or can be furnished 
with a threaded end to replace any existing 


M A R K | | standard turnbuckle. 
All the advantages and convenience of a quick 


disconnect and a turnbuckle are now available 


for virtually the same weight as a standard 
turnbuckle alone! 

aE For greater design freedom, easier maintenance 
and faster inspection, the Speed Rig is 


indispensable. Write today for Pacific’s new 
bulletin on Control Cable Quick Disconnects — 
TRADE MARK no obligation, of course! 


asily operated without special tools : a 
PACIFIC 


SCIENTIFIC 
COMPANY 


P.O. BOX 22019, LOS ANGELES, CALIFORNIA 


* REPRESENTATIVES: AERO ENGINEERING CO., Atlante, Go. * Bal- 
timore, Md. Indianapolis, ind. ¢ Mineola, L.1., N.Y. ¢ Columbus, 
Ohio St, Lovie, Mo. © GARRETT MFG. CORP, Toronto, Conoda. 

~ tm England: TELEFLEX PROD., LTD. in France: SARMA—St. Vollier _ 


San Francisco * Seattle « Arlington, Texas * San Diego — 


capacity of a communication system used 
for aircraft control during airport trafic 
control, ground-controlled approach, and 
ground-controlled landing 

Recent Developments in the Simulatioy 
of Terminal Area and En Route Area Air 
Traffic Control Problems. T. K. Vickers 
and R. S. Miller. JRE Tvrans., ANE 
Ser., June, 1956, pp. 51-55 


Networks 


The Design of Low Frequency High. 
Pass RC Filters. D. D. Crombie. Elec. 
tronic Eng., June, 1956, pp. 254-256 
Discussion of the theory of a high-pass 
filter which uses a twin-T network, with 
the twin-T transfer characteristics modj- 
fied by inclusion in a feedback amplifier 
having suitable phase shift; and consider. 
ation of the choice of compensating cir. 
cuits for flattening the pass-band in order 
to arrive at an optimum design proce. 
dure 

On the Synthesis of 3-Terminal RC 
Networks. K.M. Adams. Coll. of Aero. 
nautics, Cranfield, Rep. 96, Jan., 1956 
43 pp. Derivation of necessary condi- 
tions for physical realizability from first 
principles by an algebraic method 


Noise & Interference 


Designing Low-Noise Equipment. IV. 
W. R. Bennett. Electronics, June, 1956, 
pp. 154-157. 25 refs. Discussion of de- 
sign criteria for reducing the effects of 
random noise in an amplifier. The ob- 
jective is to reach a sufficient gain in the 
first one or two stages to make the noise 
requirements on the remainder of the 
equipment relatively lenient Discussion 
includes advantages of pentode and cas- 
code amplifiers, special high-frequency 
considerations, and techniques for handling 
random noise in transistors, klystrons, 
and traveling wave tubes 

Reducing Noise in Communications 
Systems. W. R. Bennett. Elec- 
tronics, July, 1956, pp. 148-151. Dis- 
cussion of a method for reducing noise by 
the use of a pulse-code modulation ex- 
changing bandwidth for an improved 
signal-to-noise ratio. This also permits 
the regeneration of pulses which have be- 
come distorted, and detects and corrects 
codes. 

Visual Detectability of Signals in Noise; 
The + Effect of “Contrast.”” J. W. R 
Griffiths. Wireless Engr., May, 1956, 
pp. 118-120. Theoretical analysis of the 
effect of contrast, in the form of a bias, on 
a particular derived signal-to-noise-ratio 
criterion (Rp). 


Oscillators & Signal Generators 


Superregenerative Transistor Oscillator. 
R. J. Kircher and I. P. Kaminow. Elec- 
tronics, July, 1956, pp. 166, 167. De- 
scription of a simple transistor circuit 
which produces equal on-off intervals of 
500-cps tone at a rate of 7 cps. The cit- 
cuit requires one junction transistor and 
provides 23 milliwatts of pulse power toa 
600-ohm load. 


Radar 


An Improved Simultaneous Phase Com- 
parison Guidance Radar. Howard H. 
Sommer. JRE Trans., ANE Ser., June, 
1956, pp. 67-70. Description of a radar 
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unit to provide the control system with 
the proper signals for guidance in propor- 
tional navigation, and to solve some of the 
practical difficulties involved in existing 
equipment 
Three-Dimensional Radar Video Simu- 
lator. Peter Pielich. Electronics, July, 
1956, pp. 131-133. Development of a 
three-dimensional oscilloscope display for 
providing terrain-clearance radar data 
bv the use of a simulated-video generator 
and a conventional flying-spot scanner. 
Optical Simulation of Radar. W. Blitz- 
stein and T. Levine. Tele-Tech, June, 
1956, pp. 110, 111, 190-192. Develop- 
ment of a device to simulate targets by 
spots of light moving across a screen 
which trace aircraft-type trajectories. 
The Reduced Range in a Radar Sub- 
jected to an External Noise Generator. 
Appendix I—Derivation of Reduced 
Range Formulas in the Case of Low 
Height on Plane Sea Surface, \/h Being 
Small. Appendix II—Derivation of Re- 
duced Range Formulas in the Case of 
Low Height on Curved Sea Surface, 
\/h Having a Small Value. Ugo Tiberio. 
U. Pisa, Eng. Fac. Rep. 737, 1954. 8 pp. 
The Effect of AGC on Radar Tracking 
Noise. R.H. Delano and Irwin Pfeffer. 
Proc. TRE, June, 1956, pp. 801-810. 
Investigation by analog simulation of the 
automatic gain control for an ordinary 
linear filter in the feedback path and for a 
nonlinear filter with quick attack and slow 
release in the loop, and analytic descrip- 
tion of the transient rise in average signal 
strength encountered by a radar when 
closing rapidly on a target. 


Resistors 


Characteristics of Fixed Resistors; 
Sources of Noise, Resistance at High 
Frequency and Some Measurements on 
Carbon Composition Resistors. G. W. 
A.Dummer. Wireless World, June, 1956, 
pp. 263-265 

Frequency Conversion with Positive 
Nonlinear Resistors. Chester H. Page. 
U.S., NBS J. Res., Apr., 1956, pp. 179 
182. Method of determining the modu- 
lation of nonlinear resistors by representing 
the power as a uniformly convergent trig- 
onometric series. 


Semiconductors 


Formation of p-n Junctions in Semi- 
conductors by the Variation of Crystal 
Growth Parameters. Henry E. Bridgers. 
J. Appl. Phys., July, 1956, pp. 746-751. 
Application of the theory of Burton et al. 
for the variation of the effective distribu- 
tion coefficient with growth rate and 
stirring, to the formation of p-n junctions 
by “rate growing” and “stirring modula- 
tion.” Includes derivation of the general 
principles and discussion of other applica- 
tions. 

The Forward Characteristic of the PIN 
Diode. D. A. Kleinman. Bell System 
Tech. J., May, 1956, pp. 685-706. De- 
velopment of a theory for the forward 
current-voltage characteristic of the dif- 
fused junction diode, with results indi- 
cating that the presence of the middle re- 
gion Causes no significant deviation in the 
voltage characteristic from that of a 
simple PN diode until very high current 
densities are reached, of the order of 200 
amp./cm.? in silicon. 
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EX-CELL-O for PRECISION 


x-Cell-0 Precision | 
at Production Prices| 


HYDRAULIC & PNEUMATI 
ACTUATOR ASSEMBLIES 


FUEL CONTROL AND 
METERING ASSEMBLIES 


FUEL NOZZLES FOR JET ENGINE BLADES 


JET ENGINES 


OP 


MISCELLANEOUS AIRCRAFT AND 


COMMERCIAL PRECISION PARTS JET COMPRESSOR ROTORS 


Ex-Cell-O’s facilities include laboratory control of materials, design and 
process engineering, machining of all materials, complete quality control 
to meet the most rigid specifications, and delivery to meet customers’ 
requirements. 


For information or a quotation, write or phone the Precision Products 
Division of Ex-Cell-O. 


CELL-O CORPORATION DETROIT 32, MICHIGAN | 


MANUFACTURERS OF PRECISION MACHINE TOOLS @ GRINDING SPINDLES @ CUTTING TOOLS @ RAILROAD PINS AND 
BUSHINGS @ DRILLJIGBUSHINGS @ AIRCRAFT AND MISCELLANEOUS PRODUCTION PARTS @ DAIRY EQUIPMENT 


\ 
CLD | 
fi 


AERONAUTICAL 


LIQUID ENGINE DIVISION 


In piloted aircraft, missiles, and upper- 
atmosphere research vehicles, Aerojet- 
General liquid-propellant rockets have 
proven unexcelled for assisted takeoff, 
superperformance, and as prime power- 
plants. 


Whether your interest Hes in Vanguard or 
valves, Aerojet-General offers a variety of 
challenging assignments for: 

Mechanical Engineers 

Electronic Engineers 

Chemical Engineers 

Electrical Engineers 

Aeronautical Engineers 

Civil Engineers 

Metallurgists 

Chemists 

Physicists 

Mathematicians 

Technical Editors 


CORPORATION 
A Subsidiary of AZUSA, CALIFORNIA 
The General Tire SACRAMENTO, 
& Rubber Company CALIFORNIA 


Write: Director of Scientific and Engineering 
Personnel, Box 296C, Azusa, Calif. or Box 
1947€, Sacramento, Calif. 


|Band F-M Data. T. D. 


ENGI 


Reverse Current and Carrier Lifetime as 
a Function of Temperature in Silicon 
Junction Diodes. E. M. Pell and G. M 
Roe. J 1 Phys., July, 1956, pp. 
768-772 ll refs 

Diffusion Effects in Drift Mobility 
Measurements in Semiconductors. J 
P. McKelvey. J. Appl. Phys., Apr., 
1956, pp. 341-3438 
Telemetry 

Telemetering Demodulator for Wide- 
Warzecha 
Electronics, July, 1956, pp. 157-159. De- 
sign of a demodulator which converts FM 


| to pulse frequency modulation where a 


| propagation 


narrow pulse is generated for every cycle 
of the translated subcarrier wave. 
Shipboard Telemetering for Terrier 
Missiles. William S. Bell and Clarence 
W. Schultz. Electronics, June, 1956, pp 
134-137. Description of telemetering 
equipment installation for the evaluation 
of missile performance and for the simul- 


Transmission Lines 


An Investigation into Some Funda- 
mental Properties of Strip Transmission 
Lines with the Aid of an Electrolytic 
Tank. J. M. C. Dukes. (JEE Paper 
1991 R.) P IEE, Part B, May, 1956, 
pp. 319-333. 28 refs. Description of a 
method which provides an exact analog 
of the electric field in any cross section of 
the line and may be used to evaluate nu- 
merical results whose accuracy depends only 
on the degree of precision employed. Also 
development of a new technique which 
avoids the use of movable probes and per- 
mits very rapid evaluation of quantities 
such as attenuation. 

On the Theory of a Coaxial Trans- 
mission Line Consisting of Elliptic Con- 
ductors. J. Y. Wong. Can. J. Phys., 
Apr., 1956, pp. 354-361. 

Non-Uniform Transmission Lines as 
Impedance Transformers. J. Willis and 


N. K. Sinha. (IEE Paper 1961 R.) 
Proc. IEE, Part B, Mar., 1956, pp. 166 
172. 18refs. Consideration of the equa- 


tion for the reflection coefficient at one 
end of a line matched at the other end to 
derive an approximate form of solution in 
order to permit the design of lines as 
matching sections for optimum perform- 
ance. 

Waveguide Filters; Narrow Band with 
Quarter-Wave Transformers. M.H. N. 
Potok. VW Engr., Apr., 1956, pp. 


79-82. Analysis showing that high-Q, 
low-frequency transmission filters can be 
obtained by the comparatively simple 
method of building up a chain of alter- 


nately high and low quarter-wave trans- 
formers 
Variational Principles for Electromag- 


netic Resonators and Waveguides. A 


D. Berk. JRE Trans., AP Ser., Apr., 
1956, pp. 104-111. 10 refs. Presenta- 
tion of variational expressions for the 


nstants of a wave guide 
and for the resonant frequencies of a 
cavity directly in terms of the field vectors 

A New Treatment of Lossy Periodic 
Waveguides. P N. Butcher. (JEE 
Paper 1969 R.) Proc. IEE, Part B, May, 
1956, pp 306. Description of a 
theoretical method which is particularly 
applicable to the design of electronic de- 
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1936 


vices, such as the m-mode linear accelera. 
tor, which operate near the edge of a 
pass-band. The method yields informa. 
tion about the effects of the losses on the 
phase-change coefficient and permits cal. 
culation as the frequency approaches the 
edge of the pass-band from within and in. 
side a stop-band. 


Wave Propagation 


Design of Microwave 
Quarter-Wave Couplings. 
L. Lewin. Proc. IEE, Part B, Mar, 
1956, pp. 173-177. Measurements at 
4,000 me. in 2- by 2/3-in. wave guide to 
demonstrate that, with suitable modifica 
tion of the obstacles used, the shorter 
connecting lengths may be retained with- 
out the introduction of noticeable mutual 
coupling. 

An Experiment to Test the Reciprocal 
Radio Transmission Conditions Over an 
Ionospheric Path of 740 km. R. W 
Meadows. (IEE Paper 1901 R.) Proc 
IEE, Part B, Mar., 1956, pp. 224-226: 
Discussion, pp. 232-235. 

Directional Observations on H.F. Trans- 
missions Over 2100 km. E. N. Bramley. 
(IEE Paper 2011 R.) Proc. IEE, Part B, 
May, 1956, pp. 295-300. Experimental 
investigation using a wide-aperture spaced- 
loop direction finder for determining the 
inaccuracies in bearings due to ionospheric 
effects at this distance as compared to 
those obtained at shorter distances 

Long Range Meteoric Echoes via F- 
Layer Reflections. J. T. deBettencourt 
and W. A. Whitcraft, Jr. JRE Trans. 
AP Ser., Jan., 1956, pp. 72-76. USAF- 
sponsored HF observations of meteoric 
backscatter echoes at ranges greatly ex- 
ceeding radio line-of-sight as part of ex- 
perimental ionosphere propagation re- 
search using COZI equipment 

An Investigation of the Properties of 
Radial Cylindrical Surface Waves 
Launched Over Flat Reactive Surfaces. 
W. M.G. Fernando and H. E. M. Barlow 
(IEE Paper 2009 R.) Proc. IEE, Part B, 
May, 1956, pp. 307-318. 10 refs. 

The Fading Periods of the E-Region 


Filters with 
G. Craven and 


Coupling Echo at 150 kc/s. R. W. Park- 
inson. J. Atmos. & Terrestrial Phys., 
Mar., 1956, pp. 158-162. 11 refs. USAF 


ARDC-sponsored study. 

The Fading of Radio Waves of Fre- 
quencies Between 16 and 2400 kc/s. 
S. A. Bowhill. J. Atmos. & Terrestrial 
Phys., Mar., 1956, pp. 129-145. 13 
refs. Experimental investigation by three 
methods using ¢c.w. transmissions reflected 
from the ionosphere at nearly vertical 
incidence during the night time, with re- 
sults leading to a suggested model with 
small irregularities slightly above the 70 
ke. reflection level. 

Diffraction of Electromagnetic Waves 
Caused by Apertures in Absorbing Plane 
Screens. Hans E. J. Neugebauer. JRE 
Trans., AP Ser., Apr., 1956, pp. 115-119 
15 refs. Analysis which shows that the 
perturbation field caused by holes in a 
plane, infinitely thin screen of arbitrary 
material on which electromagnetic radia- 
tion is incident can be split up in two fields, 
one of which is symmetrical to the tat- 
gential components of the electric, the 
other to those of the magnetic, vector 
Both fields satisfy equations which are 
generalizations of the Bethe conditions 
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=’Gravesande’s Steam Reaction Car 


In 1721 Jacob Willem s’Gravesande of Delft, stimulated by the 
recently enunciated Third Law of Motion, astounded 

the Royal Society by constructing a practical steam reaction car. 
The vehicle actually moved several times its own 

length, a distance of about two meters. 


In 1956 the goal is no longer meters, but hundreds, and even 
thousands, of miles. Aerojet-General Corporation, leader 

in American rocket propulsion for more than a decade, is proud 
to participate in man’s first assault on the frontiers of 

outer space—Project Vanguard. 


corvors TION 
A Subsidiary of AZUSA, CALIFORNIA 
The General Tire & Rubber Company SACRAMENTO, CALIFORNIA 


Aerojet-General invites scientists and engineers—men of imagination and 
vision—to join the attack on the most significant research, 
development and production problems of our time. 


Sa 
Y 
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for the perfectly conducting screen and 
which can be used to derive approximate 
solutions of the Kirchhoff type. 

Diffraction of 3.2 Cm. Electromagnetic 
Waves by Dielectric Rods. I—Lucite 
and Tenite 1 in. Diameter Cylinders. II— 
Lucite 1'/. in. Diameter Cylinder and 
Semicylinder. A. B. McLay and M. K. 
Subbarao. Can. J. Phys., June, 1956, 
pp. 546-562. Measurements of diffrac- 
tion patterns in several planes transverse 
to the incident beam direction, with re- 
sults for the cylinders compared to those 
theoretically obtained and to those ob- 
tained in previous experiments for brass 
and hard-rubber cylinders. Patterns of 
the semicylinder are determined with the 
plain face toward and away from the 
source of radiation. 

Some Relationships Between Total 
Scattered Power and the Scattered Field 
in the Shadow Zone. J. T. Bolljahn and 
W. S. Lucke. IRE Trans., AP Ser., 
Jan., 1956, pp. 69-71. USAF-sponsored 
derivation of equations which relate the 
far-zone scattered field, as measured in the 
scattered zone of an_ electromagnetic 
scatterer, to the total energy scattered 
and absorbed by the scatterer. In the 
case of a perfectly conducting scatterer, 
the energy stored in the fields about the 
scatterer is also related to the far-zone 
scattered field in the zone shadow. 

Scattering of Electromagnetic Waves 
by Coaxial Cylinders. Albert W. Adey. 
Can. J. Phys., May, 1956, pp. 510-520. 
13 refs. Theoretical and experimental 
investigation of a system incorporating 
coaxial dielectric cylinders, with calcula- 
tions of the forward and back scattered 
fields for several combinations of inner 
and outer radii, and tests at a wave length 
of 3.275 cm. using a parallel-plate transi- 
tion line 

Turbulent Mixing Theory Applied to 
Radio Scattering. Appendix I—Com- 
parison of the Obukhoff and Villars- 
Weisskopf Models. Appendix II—Com- 
parison of the Obukhoff and Booker-Gor- 
don Models. Richard A. Silverman. J. 
Appl. Phys., July, 1956, pp. 699-705. 19 
refs. USAF-supported research. 

The Technique of Ionospheric Investiga- 
tion Using Ground Back-Scatter. E. D. 
R. Shearman. (JEE Paper 1915 R.) 
Proc. IEE, Part B, Mar., 1956, pp. 210- 
223; Discussion, pp. 232-235. 27 refs. 
Measurement of the skip distance in 
short-wave propagation by observing the 
time delay of echoes scattered from the 
earth’s surface beyond the skip distance. 
A theoretical study shows that the method 
should give good accuracy in determining 
skip distance, but cannot yield unique 
values of the height and critical frequency 
of an ionospheric layer at a distant point. 
The radar equation is used to find the 
intensity of back-scatter from the ground 
and the effect of ray focusing by the iono- 
sphere is considered. 

A Study of Ionospheric Propagation by 
Means of Ground Back-Scatter. E. D. 
R. Shearman. (JEE Paper 1914 R.) 
Proc. IEE, Part B, Mar., 1956, pp. 203- 
209; Discussion, pp. 232-235. 12 refs. 


Equipment 


Field Data Analysis. 
J. E. Neelin. 


B. Larmour and 
(CAI Annual Gen. Meeting, 


Montreal, May 4, 1956.) Can. Aero. J., 
June, 1956, pp. 187-196. Consideration 
of the equipment life (EL) curve, the fac- 
tors in equipment failures, ways of identi- 
fying failure factors in EL curves, complex 
EL curves, marginal failure probability 
curves, machine processing techniques, 
and the overall reliability and some ap- 
plications of the field data. 


Electric 


Electrical Equipment in Aircraft. S. 
F. Follett. The Engr., May 11, 1956, pp. 
476, 477. Abridged. Discussion of fu- 
ture trends in electrical equipment, taking 
into account temperature and altitude ef- 
fects, reliability of equipment, form of 
power supply, and materials. Further 
includes a list of applications of electrical 
equipment in aircraft with types of supply 
and power consumption of each. 

High-Potential Testing of Aircraft 
Equipment Electrical Insulation. L. B. 
Kilman and J. P. Dallas. Elec. Eng., 
June, 1956, pp. 540-544. 

Contact Arcing Factors to 100,000 Ft. 
M. Raymond Alexy. Elec. Mfg., June, 
1956, pp. 141-144. Derivation of the 
altitude factor in air-borne component de- 
sign from actual measurements, with 
graphs showing the effect of contact size 
and shape 

Arc Suppression with Semiconductor 
Devices. F. W. Parrish. Elec. Mfg., 
June, 1956, pp. 127-131, 344, 346. De- 
sign procedures for contact-protection 
circuits using germanium or selenium 
rectifiers to reduce erosion from inductive 
kickback voltage. Includes curves for 
deriving the unknowns for the rectifier 
rating specifications. 

The Commutation Time of an Armature 
Coil, and the Stepforming Phenomena 
of a Commutation Curve. Heinz Kluge 
(Elektrotech. Z., Ausg. A, 1955, pp. 802 
806.) Gt. Brit., RAE Lib. Transl. 567, 
Apr., 1956. 10 pp. Experimental re- 
sults show that commutation depends on 
the type of brush material and the nature 
of the contact surface. Further tests 
show that steps in the short circuit current 
curve are caused either by the intermittent 
contact between brush and commutator 
or by the damping phenomena of the 
armature coils 


Hydraulic & Pneumatic 


Electro - Hydraulic Servo - Valves. 
Appl. Hydrau May, 1956, pp. 71-75 
Application and general description of 
servovalves; includes detailed description 
of five different valves covering flapper- 
nozzle, internal pick-off, single-stage pis- 
ton, pressure control, and two-stage with 
interval needle valves. Includes a glos- 
sary of servo terms 


Fuels & Lubricants 


Comparative Studies of Methane and 
Propane as Engine Fuels. N. P. W 
Moore and B. N. Roy. Chartered Mech. 
Engr., June, 1956, pp. 314-316. 
Abridged. Results of tests conducted in a 
Ricardo variable-compression-ratio 
engine to determine knock and auto-igni- 
tion characteristics 

Fuels for Turbine Transports. 
Harvey. SAE 


Hugh 
J., June, 1956, pp. 55 


1956 


59. Discussion of fuel characteristics 
with emphasis on stability under higher 
temperatures, fire hazard, low-temperature 
operation, and the problem of water in 
fuel. 


Instruments 


High Sensitivity Ballistic Fluxmeter, 
A. V. Pohm and Sidney M. Rubens. Rey. 
Sci. Instr., May, 1956, pp. 306-308 
USAF-sponsored description of a quasi- 
static method in which a closed switch 
completes the circuit between the search 
coil and the galvanometer coil and the 
galvanometer is overdamped while the 
flux is changing in the specimen. The 
switch opens on completion of the flux 
change, and, upon subjection to critical 
damping, the galvanometer deflects like a 
normal charge-measuring instrument. 
The instrument is particularly applicable 
to materials characterized by a quasi- 
rectangular hysteresis loop. 

Development of a Vibrating-Coil Mag- 
netometer. D. O. Smith. Rev. Sci. 
Instr., May, 1956, pp. 261-268. USAF- 
Army-Navy-sponsored description of an 
instrument to give a continuous measure- 
ment which can be recorded on a chart asa 
function of time, temperature, crystallo- 
graphic orientation, or magnetizing field 
of a small sample of magnetic material 
placed in an external magnetizing field, 
by converting the dipole field of the sample 
into an a.c. electrical signal. 

Designing a Simulated Rate of Climb 
Indicator. Rolf W. Neunes and Peter K. 
Stein. JSA J., June, 1956, pp. 197-200. 
Description of an instrument to suit con- 
ditions including an altitude range from 
sea level to 70,000 ft., rates of climb from 
500 to 50,000 ft./min., and a test-chamber 
volume of approximately 4,300 ft.* 

Wide Band Instrumentation. Ray- 
mond L. Strazzulla. JRE Trans., ANE 
Ser., June, 1956, pp. 74-83. Description 
of a mixer which is capable of handling 
both long- and short-time data with a 
high degree of stability and which rejects 
inaccurate input data to produce an out- 
put of high accuracy in both high- and 
low-frequency ranges. 


Accelerometers 


Transit-Time Accelerometer. L. M 
Jones. Rev. Sci. Instr., June, 1956, pp 
374-377. Description of an omnidirec- 
tional device developed to measure the 
drag acceleration of spheres dropped from 
rockets, from which the ambient density 
and temperature of air may be calculated. 


Automatic Control 


Optimalizing Control in the Presence of 
Noise Interference. Sedat Serdengecti 
Jet Propulsion, June, 1956, pp. 465-478 
Discussion of a procedure for the detection 
of a modified peak-holding control system 
in order to determine its position in the 
optimum or its correct mode of operation 

A Basic Outline of Servo Mathematics. 
J. M. Nightingale. Mach. Des., June 28, 
1956, pp. 74-81. Summary of mathe- 
matical techniques based on differential 
equation analysis and used in the it 
vestigation of control-system performance 

Servo Series. V—Designing Servos 
by the Phase-Plane Method. Ira Ritow 
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SOLAR 
MARS* AND JUPITER“ 


Gas Turbine 
Engines 


Tiny gas turbine 
provides vital power for giant 
air freighter | 


HUGE GLOBEMASTERS depend on Solar 
Mars gas turbines as a vital auxiliary 
power source. Built into an airborne 
generator, the Mars provides power 
to operate cargo winches, ramps, 
lights, engine starters and other 
equipment. Specified on the Douglas 
C-124C, the Mars unit is also used on 
the Lockheed C-121C, the Convair 
C-131B, and the Boeing KC-97. 
Military services and aircraft build- 
ets recognize the amazing advantages 
of Solar gas turbines. Their reliability 


is proven. They are rugged and 
simple, light and compact, and easy 
to maintain. Solar builds two models 
—the 50 hp Mars and the 500 hp 
Jupiter—for varied applications. 
You should know about Solar gas 
turbines. And you should know about 
Solar—a company with 30 years of 
experience in using tough alloys to 
solve tough engineering and fabri- 
cating problems. For more informa- 
tion, write Dept. C-56, Solar Aircraft 
Company, San Diego 12, California. 


Designers, Developers and Manufacturers « Gas Turbines « Aircraft and 
Missile Components * Bellows * Controls * Coatings * Metal Alloy Products 


WRITE FOR BOOKLET...new brochure describes 
Solar gas turbines — how they work, advan- 
tages they offer to forward-looking industries. 
Send for a copy today. 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO DES MOINES 


ENGINEERS WANTED Unlimited oppor- 
tunities in Solar’s expanding gas turbine 
program! Write today, giving experience. 


122 AERONAUTICAL ENGINEERING REVIEW DETTEMBER 19°56 
Elec. Mfg., June, 1956, pp. 98-106, 326 Ju 
0 
Flow Measuring Devices 
Anémoclinométrie 4 Fils Chauds. ] loa 
Gaudfernau. La Recherche Aéronautique, sus 
Nov.-Dec., 1955, pp. 15-22. 11 refs ( 
In French. Analysis of the theory of tio 
hot-wire anemometry in terms of the G. 
translation of flow characteristics into pp 
electrical terms and of the derivation of T4 
correction factors. Description of the Tre 
ONERA equipment designed for pro ] 
ducing brief gusts and for studying the Pr¢ 
surge in axial compressors and the spec- Ph 
trum of transverse turbulence Jac 
587 
Pressure Measuring Devices Aw 
Sondes de Pressions Moyennes. | ( 
Viaud. La Recherche Aéronautique, Nov.- Vel 
Dec., 1955, pp. 23-26. In French Lin 
Description of an averaging probe in - 
which several probe tubes are mounted on 79 
a profiled cylinder and the mean pressure ; 
is recorded by a single manometer _ 
Recording Devices Ap 
Transistor Modulator for Airborne Re- API 
cording. Jay L. Upham, Jr., and Abra - 
: ham I. Dranetz. Electronics, June, 1956, calc 
: pp. 166-169. Development of a recording aie 
7-. and telemetering system using a dif 
H ferential transformer transducer to provide 
‘G phase and pulse time modulation for re- 
-E cording accelerations up to 180g and 500 Cor 
cps B 
Stress & Strain Measuring Devices in 
j Some Work on Tension Pads for Struc- 7 
PRY tural Tests. Appendix I—The Method of Cc 
x "ees Bonding Sorbo Rubber Tension Pads to ties 
— aS the Loading Plates. J. K. Oaks and P Cop 
4 B. Hovell. Gt. Brit., ARC CP 238 (Aug, wai 
possible only wi i= (086), 1056. 15 op. BIS, New Yon | 
0.45. 
— iS Strain Gage Balancing Simplifies Mul- stre 
aw tiple-Bridge Measurements. Peter K F 
Stein. Prod. Eng., June, 1956, pp. 161 
163. Design details for single-arm bal atio 
ancing networks to give uniform zero ven! 
: strain reading. Applicable to available tens 
j and new bridges. 
as Temperature Measuring Devices 
4 « | On the Dynamic Temperature Response i 
a4 of a Vacuum Calorimeter. J. S. Kouvel st 
J. Appl. Phys., June, 1956, pp. 639-642 May 
MARS L MOCH OM ~ USAF - Army - Navy - supported develop A 
a U R does not fade 4 . ment of a method for computing the heat Pro 
. capacity of a specimen in a vacuum cal ge 
net Daperproct a” orimeter hides from the temperature 
+. erases perfectly ree keeps finest point be response in the after-heating period a 
Send for free sample * Simplification of Airborne Navigation by mate 
an Use of the Vortex Thermometer. Robert ve 
3 E. Ruskin. JRE Trans., ANE Ser mets 
he June, pp. 71-74. 10 refs De- Ei 
scription of an instrument for the direct : 
: S TAEDTLER also proudly introduces the Mars- cn of true free-air temperature ~ 
Pocket-Technico for field use, the Mars “Draftsman’s” Pencil which elminates the corrections otherwise 
Sharpener with the adjustable point length feature, and the needed for dynamic heating caused by 44 | 
efficient, clean Mars lead sharpener. All available—along with airplane velocity and = which, when usin, 
the established standards: Mars-Lumograph black graphite equipped and 
dratting pens, Mars-Technico lead holder and lecds, and 
Tradition-Aquarell painting pencils—ot all leading art material 
and drafting supply dealers. os 
Machine Elements tion 
Factors Affecting Oil-Groove Design in + 
JS. STAEDTLER.INC. HACKENSACK, NEW JERSEY Bearings. S. Kyropoulos. Mach. Des., of 
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Design in 
h Des., 


June 14, 1956, pp. 119-122. Considera- 
tion of unidirectional and rotating loads, 
oil flow requirements, permissible bearing 
loads, position of oil inlet, and axial ver- 
sus circumferential grooving. 

On the Integration of Reynolds Equa- 
tion for Journal Bearings of Finite Width. 
G. Vogelpohl. (Jng.-Arch., No. 14, 1943, 
pp. 192-212.) Gt. Brit. MOS TIB 
74578, Feb., 1956. 29 pp. 18 refs. 
Translation. 

Bending Stresses in Spur Gear Teeth: 
Proposed New Design Factors Based on a 
Photo-Elastic Investigation. M. A. 
Jacobson. JME Proc., No. 33, 1955, pp. 
587-604; Communications, pp. 605, 606; 
Author’s reply, pp. 607-609. 23 refs. 

On the Maximum and Minimum 
Velocities and the Accelerations in Four- 
Link Mechanisms. Ferdinand Freuden- 
stein. Trans. ASME, May, 1956, pp. 
779-785; Discussion, pp. 786, 787. 

Analysis of Creep in Rotating Disks 
Based on the Tresca Criterion and As- 
sociated Flow Rule. A. M. Wahl. J. 
Appl. Mech., June, 1956, pp. 231-238. 
Application of the Tresca criterion and the 
associated flow rule to the problems of 
calculating creep deformations and stresses 
in rotating discs at elevated temperatures. 


Materials 


Corrosion & Protective Coatings 


Basic Design Principles and Practices 
in Selecting Corrosion-Resistant Struc- 
tural Materials. Howard T. Francis. 
Mach. Des., May 31, 1956, pp. 104-107. 

Corrosion and Stress Corrosion Proper- 
ties of Aluminium-Copper and Aluminium- 
Copper-Cadmium Alloys. C.  Braith- 
waite. Gt. Brit, RAE TN Met. 219, 
Nov., 1955. 9 pp. Investigation of the 
corrosion resistance with and _ without 
stress. 

Floor and Fuselage Corrosion. Douglas 
Serv., May-June, 1956, pp. 1-16. Evalu- 
ation of design improvements for pre- 
venting corrosion and suggestion of main- 
tenance procedures. 


Metals & Alloys 


A Dictionary of Metallurgy. XLIII 
Si-So; XLIV—So-Sp. A. D. Merriman 
and J. S. Bowden. Metal Treatment, 
May, June, 1956, pp. 185-192, 225-232. 

A Reconciliation of Certain Recovery 
Properties in Metals. A.J. Kennedy. J. 
Mech. & Phys. Solids, May, 1956, pp. 162 
166. 18 refs. Method of expressing 
mechanical and electrical properties of 
metals with similar time and temperature 
functions using recovery properties of 
metals as an example. 

Effect of Crack Length and Stress Am- 
plitude on Growth of Fatigue Cracks. 
Waloddi Weibull. Sweden, Flygtekniska 
Forséksanstalten, FFA Medd. 65, 1956. 
44 pp. Investigation of fatigue cracks 
using notched specimens of Unclad 24 S-T 
and Alclad 75 S-T done with nearly con- 
stant stress amplitudes obtained by re- 
ducing the load in proportion to the re- 
maining area. 

Fatigue Tests on Material to Specifica- 


tion B.A.C.E. 54 (D.T.D. 551). P. H. 
Frith. Gt. Brit. MOS S&T Memo. 
16/55, Oct. 18, 1954. 18 pp. Results 


of tests on an alloyed steel specimen to de- 
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termine its properties with relation to air- 
craft engine crankshafts. Tests were 
carried out with reversed bending, re- 
versed torsional stresses, and various 
combinations of bending and _ torsional 
stresses, using solid and hollow specimens 
with a transverse oil hole, with and with- 
out nitriding. 

Materials for High Temperatures. C. 
L. Clark. Mach. Des., May 31, 1956, pp. 
95-98. Discussion of requirements for 
high-temperature materials in power gen- 
eration equipment, gas turbines, and air- 
craft and missile structures. 


Metals & Alloys, Nonferrous 


Light Alloys. P. D. Frost. 
Des., May 31, 1956, pp. 86-89. Review 
of developments and applications of 
aluminum, magnesium, and titanium and 
suggestions of problems to be solved by 
future research. 

Creep of Aluminum Single Crystals. 
J. Weertman. J. Appl. Phys., July, 
1956, pp. 832-834. 10 refs. Measure- 
ments taken over the stress range of 2.5 
X 106 to 1.9 XK 108 dynes/em.? and over 
the temperature range of 157°C. to 616°C., 
in order to provide data for testing high- 
temperature creep theories. 

Comparison of Theoretical and Experi- 
mental Results for 24 S-T and 75 S-T 
Aluminium Alloy Columns Buckling in the 
Elastic and Inelastic Ranges. Bo Braa- 
then and Bryan R. Noton. Sweden, 
Flygtekniska Férséksanstalten, FFA Medd. 
66, 1956. 31 pp. 12 refs. Theoretical 
and experimental investigation of elastic 
and inelastic buckling in columns. Speci- 
mens tested include 150 aluminum col- 
umns, 17 pin-ended and 133 flat-ended. 

Effect of Two Types of Etching Pencil 
Marking on the Fatigue Strength of 
Aluminium Alloy DTD 683. J. T. Ballet. 
Gt. Brit., RAE TN Met. 232, Nov., 1955. 
7 pp. 

The Tearing of Aluminium Foils. J. 
Hennephof. J. Mech. & Phys. Solids, 
May, 1956, pp. 172-183. Study of the 
propagation of cracks in ductile materials, 
taking into account the tearing force and 
the tearing energy. 

The Current Efficiencies of Electro- 
Deposition of Metallic Titanium in Fusion 
Electrolysis. S. Okada, M. Kawane, and 
M. Takahashi. (Kyoto U. Eng. Res. 
Inst. Bul., 1954, pp. 57-60.) Gt. Brit., 
MOS TIB/T4596, Mar., 1956. 5 pp. 
Translation. 

Tools and Methods for Forming Ti- 
tanium. James S. Kirkpatrick. Tool 
Engr., June, 1956, pp. 85-89. Abridged. 
Discussion of forming techniques such as 
stamping, hot drawing, hot rubber form- 
ing, spinning, and machining. 

How to Heat Treat Titanium. Walter 
L. Finlay, W. W. Wentz, and D. W. Kauf- 
mann. Materials & Methods, June, 1956, 
pp. 126-131. Discussion of the effects of 
heat treatment on mechanical properties 
of titanium. Includes a description of 
crystal lattice structure and a time-tem- 
perature chart. 

The Structural Damping of Titanium at 
Elevated Temperature. H. F. Hunter. 
Aero. Eng. Rev., Aug., 1956, pp. 18-21. 
Experimental investigation using a heated 
tuning fork, with results expressed in 
terms of the logarithmic decrement of the 
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decaying oscillation. Includes calcula- 
tion of the dynamic modulus-of-elasticity 
variation from ratios of measured fre- 
quencies. 

Mechanical Properties of Ti 75A Sheet 
Titanium at Room and Elevated Tempera- 
tures. D.C. Hayward. Gt. Brit., RAE 
TN Met. 210, Nov., 1955. 20 pp. Meas- 
urement in both tension and compression 
of the Young modulus, tangent modulus, 
secant modulus, and 0.1, 0.2, and 0.5 per 
cent proof-stresses; includes results of 
maximum stress and per cent elongation 
presented in graphical form for tension 
only. 

What’s Titanium’s Future in Aircraft 
Hydraulic Circuits? Don F. Collins. 
Appl. Hydraulics, May, 1956, pp. 124, 
126, 128. Investigation of titanium for 
hydraulic systems at high temperatures. 
Impulse, vibration, and assembly tests 
were run comparing fittings and tubing of 
aluminum, stainless steel, and titanium. 


Nonmetallic Materials 


Some Dynamic Mechanical Properties 
of Heat-Treated Low-Alloy Weld De- 
posits. E.H. Franks and W. H. Wooding. 
Welding J. Res. Suppl., June, 1956, pp. 
291-s-297-s. Experimental investigation 
of the impact and fatigue strengths of 
nickel-molybdenum-vanadium deposits in 
the as-welded, stress-reliéved, quenched, 
tempered, and annealed conditions. 

High-Strength Adhesives for Metal 
Bonding. R.F. Blomquist. Mach. Des., 
May 31, 1956, pp. 99-103. 19 refs. 
Discussion includes types of metal-bond- 
ing adhesives, description of the bonding 
process, design considerations, and future 
trends in bonding. 

The Assessment of  Interlaminar 
Strength in Shear of Polyester-Glass 
Laminates. R.B. King. Gt. Brit., RAE 
TN Chem. 1258, Aug., 1955. 9 pp. 
Development of a method to estimate 
interlaminar shear strength, taking into 
account the effects of degree of cure, sur- 
face treatment, and humidity. 

Propriétés Mécaniques des Fils de 
Verre Utilisés dans les Stratifiés. A.-Kh. 
Iablokoff. La Recherche Aéronautique, 
Nov.-Dec., 1955, pp. 39-49. In French. 
Results of tests of rupture strength and 
tensile modulus of continuous filament 
yarn presented as a tentative explanation 
of discrepancies between theoretical values 
and those obtained in laminates. 

Development of Expanded Resins for 
Aircraft Applications. J. L. Chinn. 
Auto. Ind., July 1, 1956, pp. 48, 49, 112. 
Discussion of uses for expanded or foamed- 
in-place resins as bulk fillers and pottel 
compounds in aircraft components. 

Reinforced Plastics in Aircraft and 
Guided Missiles. William E. Braham. 
SPE J., June, 1956, pp. 87, 88. Appli- 
cation of reinforced plastics to aircraft 
parts and components, including fucl 
tanks, rocket pods, compressor blades, 
and radar parts. 

Plastics for Structural Uses. Prod. 
Eng., June, 1956, pp. 167-182. De- 
scription and classification in terms of de- 
sign requirements such as chemical an1 
temperature resistance, mechanical prop- 
erties, dimensional stability, and pro- 
duction methods. 
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Processing Makes the Plastic. W. 
Crofut and L. B. Keller. SAE J., May, 
1956, pp. 64-69. Discussion covering 
seven methods, their applications, and 
examples of typical component mantu- 
facturing problems. Methods include: 
transfer-, compression-, and  injection- 
molding; injection-molding using a spe- 
cially formulated material; low-pressure 
reinforced lamination; high-pressure 
molded lamination; and metal fabrication 
for the production of missile parts. 

The Mechanics of High Polymers. 
Yoh-Han Pao and Werner’ Brandt. 
Appl. Mech. Rev., June, 1956, pp. 233 
236. 32refs. Derivation of equations for 
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small deformations of viscoelastic solids 
and for large deformations of viscoelastic 
liquids 

Special Issue on Rheology of Polymers; 
Stress Analysis in Viscoelastic Materials. 
E. H. Lee. J. Appl. Phys., July, 1956, 
pp. 665-672. 22 refs. Theoretical in- 
vestigation of three basic aspects of the 
problem of stress analysis—measurement 
of material properties, derivation from 
these of the operator equations between 
stress and strain or equivalently of the 
viscoelastic model, and use of these equa- 
tions in theoretical stress analysis. In- 
cludes a discussion of the quasi-static 
analysis in which inertia forces are general, 
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and consideration of a series of typical 
solutions to wave problems that arise at 
the inclusion of inertia effects and which 
are restricted to one-dimensional space 
variations. 

Polyethylene—Past and Future. G 
W. Jargstorff and G. F. Kirkpatrick. 
SPE J., June, 1956, pp. 25-27 Dis- 
cussion of physical properties and _ indi- 
cation of possible applications 

Associated Problems in Two-Dimen- 
sional Elasticity. J.E. Adkins. J. Mech. 
& Phys. Solids, May, 1956, pp. 199-205 
Method for the simultaneous solution of 
two or more problems with analytically 
similar boundary conditions in two- 
dimensional elasticity. 

Finite Plane Deformation of Thin Elas- 
tic Sheets Reinforced with Inextensible 
Cords. J. E. Adkins. Philos. Trans 
Royal Soc. (London), Ser. A, May 31, 
1956, pp. 125-150. 12 refs. Derivation 
of a general theory for the finite elastic 
deformation of curvilinearly aeolotropic 
materials subject to restraints, applied toa 
thin, plane, uniform sheet of elastic ma- 
terial reinforced by means of a continuous 
layer of thin, flexible, inextensible cords 

Properties and Applications of Silicone 
Rubber. S.A. Braley, Jr. ASME Semi- 
Annual Meeting, Cleveland, June 17-21, 
1956, Paper 56-SA-53. 5 pp. Compari- 
son of properties and applications of sili- 
cone rubber with those of organic rubber, 
with emphasis on the behavior of the two 
materials at high and low temperatures 
The physiological inertness of silicone rub- 
ber, its dielectric properties, and its resist- 
ance to various chemicals and oils are also 
discussed. 


Mathematics 


Uber homogene lineare Ungleichungs- 
systeme. E. Burger. Mar.- 
Apr., 1956, pp. 135-139. In German. 
Description of a method for solving a 
homogeneous linear inequation system 
which is based on the hypothesis that a 
simple explanation of the changes in the 
solving cone of such a system may be de- 
rived by addition of a supplementary 
inequation. 

A General Sphere Theorem for Hydro- 
dynamics, Heat, Magnetism, and Electro- 
statics. G. C. K. Yeh, J. Martinek, and 
G. S. S. Ludford. ZAMM, Mar.-Apr., 
1956, pp. 111-116. 

On a Regular Cauchy Problem for the 
Euler-Poisson-Darboux Equation. E. T. 
Copson. Proce: Royal Soc. (London), Ser. 
A, June 12, 1956, pp. 560-572 

Beitrag zu Walls Verfahren der getrenn- 
ten Berechnung von Real- und Imagi- 
narteilen der Nullstellen eines Polynoms. 
Luiz Occhini. ZAMM, Mar.-Apr., 1956, 
pp. 139-145. In German Descrip- 
tion of a method for the separate de- 
termination of real and imaginary parts 
of the zeros of a given polynomial, which 
retains the advantages of the Wall method 
and permits the carrying out of the inter- 
polation by means of the value of a poly- 
nomial. The method is particularly appli- 
cable for use with sequence-controlled digi- 
tal computers. 

Generalized Functions and Dirichlet’s 
Principle. G. Temple. Proc. Royal Soc. 
(London), Ser. A, June 12, 1956, pp. 444- 
453. 10 refs. Proof of Dirichlet’s prin- 
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ciple for any bounded domain, based on a 
method showing that any minimizing se- 
quence represents a generalized function u 
which is proved to be harmonic and equiv- 
alent to an ordinary numerical function. 

Graphical Solution of Certain Nonlinear 
Differential-Difference Equations. W 
J. Cunningham. J. Franklin Inst., June, 
1956, pp. 621-629. 11 refs. Description 
of a method applicable to equations of the 
general form t(¢) = f[x(t), x(t — r)], where 
ris a constant and f[x(t), x(t — r)] isa 
single-valued function which may be non- 
linear 

Numerische Behandlung der Diffusions- 
gleichung mit Konvektionsterm. Eduard 
Batschelet and Franz Grin. ZAMP, 
Mar. 25, 1956, pp. 1138-120. In German. 
Description of a method for the numerical 
solution of a differential equation of the 
elliptic type connected with a diffusion 
problem with superimposed convection 
The method consists in replacing the differ- 
ential equation by a set of simultaneous 
difference equations. 

On the Coefficients of Univalent Func- 
tions. Z. Nehari. Carnegie Inst. Tech. 
TR 11 (OSR TN 56-14), Apr., 1956. 5 
pp. Study giving the proof of the asymp- 
totic Bieberbach conjecture which in turn 
shows the truth of the Littlewood conjec- 
ture. 

A Generalized Equation of State for 
Both Gases and Liquids. J. O. Hirsch- 
felder, R. J. Buehler, H. A. McGee, Jr., 
and J. R. Sutton. U. Wis. NRL Dept. 
Chem. TR WIS-OOR-12, Mar. 22, 1956 
47 pp. 13 refs. Derivation of an equa- 
tion with its standard form based on a gen- 
eralized principle of corresponding states 
which includes two additional experi- 
mental parameters—the critical compressi- 
bility factor s., and a parameter a deter- 
mined from the vapor pressure. Includes 
expressions for the derived thermodynamic 
functions. 

An Introduction to Some Nonparametric 
Generalizations of Analysis of Variance 
and Multivariate Analysis. S. N. Roy 
and S. K. Mitra. N.C. State Coll. Inst. 
Statistics, MS 139 (AFOSR TN 56-44), 
Nov., 1955. 35 pp. 15 refs. 


Meteorology 


An Analysis of the Meteorological Con- 
ditions Which May Cause the Misting of 
Aircraft Transparencies. G. C. Abel and 
K. W. Taylor. Gt. Brit., AAEE Rep. 
Tech/123, Mar. 21, 1956. 9 pp. 

Turbulence Encountered by Comet 1 
Aircraft. Appendix I—Method of Trans- 
lating Acceleration into Gust Speed. 
J. R. Heath-Smith. Gt. Brit., ARC CP 
248 (May, 1955), 1956. 32 pp. BIS, 
New York, $1.08. Acceleration records 
for turbulence encountered in 680,000 
miles of operational flying, examined to 
determine the variation of turbulence with 
altitude in the band between 27,500 ft. and 
42,500 ft. 

A Method of Measurement of Size Dis- 
tribution of Particles in Air or in Other 
Medium, Whose Concentration is Fairly 
Large. Y. Takahashi. Papers in Met. & 
Geophys., Sept., 1955, pp. 202-204. 

Neuere Wellensegelflugforschungen. 
Wolfgang B. Klemperer. ZFW, May- 
June, 1956, pp. 169-173. 51 refs. In 
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German. Investigation of the meteoro- 
logical phenomenon of standing wind- 
waves of orographic origin. 

Circulatia Convectiva Celulara si Ge- 
neza Norilor. Mircea Herovanu. Bul 
Stiint. Sect. Stiinte. Mat. Fiz., Oct.-Dec., 
1955, pp. 1,149-1,161. In Rumanian 
Study of the thermoconvective circulation 
within the atmosphere from observations 
of aircraft wake formation. 

Microwave Refractive Index Fluctu- 
ations Associated with Convective Ac- 
tivity inthe Atmosphere. J. R. Gerhardt, 
C. M. Crain, and H. Chapman. Bul. 
AMS, June, 1956, pp. 251-262. Analysis 
of measurements taken while flying at 
various constant levels in the lower tropo- 
sphere, with resulting observed patterns of 
refractive index variations shown to be 
connected with the moisture changes in- 
volved in air masses in which the convec- 
tive heat transfer from the ground contrib- 
utes to the formation of rising warm, 
moist air thermals and cumulus clouds. 

Upper-Air Density and Temperature by 
the Falling-Sphere Method. F. L. Bart- 
man, L. W. Chaney, L. M. Jones, and 
V. Cc. Liu. J. Appl. Phys., July, 1956, 
pp. 706-712. Calculation of densities 
from the equation for the drag force on the 
falling sphere and determination of the 
temperatures by using the hydrostatic 
equation and the equation of state of a 
perfect gas. Includes discussion of the 
aerodynamic background, the instrumen- 
tation, and the errors, as well as the results 
of four rocket flights compared with those 
of other rocket measurements. 

A Theory of Large-Scale Disturbances 
in Non-Geostrophic Flow. Philip Dun- 
can Thompson. J. Meteorology, June, 
1956, pp. 251-261. 13 refs. Derivation 
of a complete system of modified hydro- 
dynamic equations governing a large class 
of meteorological motions of the atmos- 
phere. 

Conditions Favorables aux Vols Ther- 
miques en Fonction de la Structure des 
Masses d’Air. N. Gerbier. Aero. Rev., 
Mar., 1956, pp. 97, 98, 103, 108. In 
French. Analysis of the favorable ther- 
mal flight conditions in terms of the struc- 
ture of air masses. 

The Relation Between Space and Time 
Correlations in the Atmosphere. Frank 
Gifford, Jr. J. Meteorology, June, 1956, 
pp. 289-294. 13 refs. Determination of 
time correlation for the case of arbitrary 
turbulence levels. Includes several appli- 
cations to small- and large-scale atmos- 
pheric turbulent fluctuations. 

Diffusion of Smoke in the Stratosphere. 
William W. Kellogg. J. Meteorology, 
June, 1956, pp. 241-250. 12refs. Analy- 
sis of the USAF-sponsored investigation 
of the rates of growth of 18 smoke puffs 
produced in the upper troposphere and 
stratosphere in order to obtain diffusion 
data. 

Buoyancy and Precipitation in Tropical 
Cumuli. Bernice Ackerman. J. Me- 
teorology, June, 1956, pp. 302-309 
USAF-sponsored study to determine the 
presence of precipitation and to obtain 
estimates of cloud buoyancy 

On the Collision of Drops in Turbulent 
Clouds. P. G. Saffman and J. S. Turner 
J. Fluid Mech., May, 1956, pp. 16-30. 18 
refs. Derivation of a theory of collisions 
between small drops in the turbulent 
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fluid, taking into account the collisions be 
tween equal drops, and application to a 
numerical integration showing the effect 
of collisions on an initially uniform distri 
bution. An approximate calculation is 
made for collisions occurring between 
drops of different inertia due to the action 
of gravity and the turbulent accelerations 


Missiles 


Special Issue: Guided Missiles 1956. 
Interavia, June, 1956, pp. 407-439. Con 
tents: Faster, Higher, Hotter, Th. von 
Karman. The Intercontinental Ballistic 
Missile Will Change Tactics but not 
Strategy, Interavia Study Group. The 
State of the Art, Erik Bergaust. Not 
Quite so Secret. Guidance Systems for 
Anti-Aircraft Rockets, Alfred Gerber 
Environmental Considerations of Space 
Travel from the Engineering Viewpoint, 
A. M. Mayo The Bomber Becomes 
Faster Than the Fighter. 

High ‘‘G’’ Tests for Guided Missile 
Tubes. M. F. McKeirnan. Tele-Tech, 
July, 1956, pp. 42-44 ff. Results of a 
study for reducing vibrational noise in 
missile tubes show improvements resulting 
from shorter tube structure, doubled mica 
spacers, and special cathode clamping 
A test method using a 10g accelerator and 
a graphic recorder of noise power vs. fre- 
quency are described. 

Designing for High-Speed Missile Cool- 
ing. R. H. Hepper. Aero Dig., June, 
1956, pp. 48-50, 52. Discussion empha 
sizing the importance of selecting ma- 
terials that are structurally efficient at 
high temperatures, and of testing materials 
to be used in the extreme temperature 
areas at nose tips and surface leading 
edges. Includes an outline of cooling 
methods involving the use of a nonstruc 
tural outer shell, insulating coatings, and 
transpiration 

Ground Handling and Launching Pro- 
cedures for an Alcohol-Oxygen Rocket 
Missile. T. M. Pettey, Jr. Jet Propul 
ston, June, 1956, pp. 474-479. Evalu 
ation of G-E equipment and procedures 
used in test programs involving several 
types of missiles having turbopumped feed 
systems. The shipped missiles are sus 
pended inside reusable steel containers by 
an arrangement of rubber shear mounts 

On the Motion of a Missile Under 
Water. Walter P. Reid. Jet Propulsion, 
June, 1956, pp. 463, 464. Derivation and 
solution by analytical methods of differ 
ential equations of motion for a stable, 
symmetrical nonspinning missile. 

Transistors Telemeter Small Missiles. 
Cecil M. Kortman. Electronics, July, 
1956, pp. 145-147. Description of a 
germanium photocell used with a three 
transistor FM/FM telemeter circuit to 
measure the spin of a missile in flight 

Systems Analysis for Weapons and 


Missiles. William F. Wright and Patrick 
Benson. Aero Dig., June, 1956, pp. 40 
42, 44, 46. Evaluation of systems analy 


sis procedures and applications. 

Dynamic Behavior During Accelerated 
Flight with Particular Application to Mis- 
sile Launching. Telford W. Oswald 
J. Aero. Sci., Aug., 1956, pp. 781-791 
Analysis of the dynamics of winged mis 
siles taking into account damping and lift 
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forces. The classical stability theory js 
used assuming small oscillations, and 
therefore the equations of motion are 
linear. However, since the speed is vari- 
able, the coefficients are not constant 

Some Recent Aerodynamic Techniques 
in Design of Fin-Stabilized Free-Flight 
Missiles for Minimum Dispersion. M 
W. Hunter, A. Shef, and D. V. Black 
(IAS 23rd Annual Meeting, New York, 
Jan. 24-27, 1955, Preprint 543.) Douglas 
Rep. SM-19532, Jan., 1955. 29 pp 
Analysis of the latent angular deviation in 
free-flight rockets in terms of yaw oscil- 
lation distance, considering such param- 
eters as thrust malalignment distance and 
wind error, and the effect on these param- 
eters of spin programing and rocket ad 
mittance function. 


Nuclear Energy 


Aircraft Design Considerations Asso- 
ciated with Shielding for Aircraft Nuclear 
Power Plants. A. P. Fraas. JAS Natl 
Summer Meeting, Los Angeles, June 18 
21, 1956, Preprint 644. 7 pp. Members, 
$9.35; nonmembers, $0.75. Discussion of 
the effects of radiation on organic and 
inorganic materials, with emphasis on 
human physical reactions 


Photography 


Measurement of the Response Func- 
tion of an Optical System. J. M. Naish 
and A.C. Marchant. Gt. Brit., RAE TN 
Ph.493, Jan., 1956. 25 pp. 13 refs 
Description of the method with an outline 
of the criteria determining its selection, 
and discussion of the theory of image for- 
mation by Fourier method, with speci- 
fications of the air-camera lens applica- 
tions. 

Appareil de Reproduction Photogra- 
phique. C. Véret. La Recherche Aéro- 
nautique, Nov.-Dec., 1955, pp. 35-37. In 
French. Design of equipment used for 
the representation of turbine-blade master 
sections requiring that an image reduced 
five times should be such that the differ- 
ence between the extreme limits of the 
image and those of the original, divided by 
five, should be less than 10 microns. The 
factors involved are the degree of parallel- 
ism between image and object surface, 
flatness of these surfaces, and shrinkage of 
plate emulsion in processing. 


Power Plants 


Ramijet-Turbojet Powerplants Can Ex- 
tend Flight Regime. Joseph Friedman 
Aero Dig., June, 1956, pp. 30-32. Analy- 
sis of suitable combinations of jet pro- 
pulsion systems which lengthen aircraft 
speed range, increase ceiling, and push 
thrust-to-weight ratio of the system to 
twice that of an afterburning turbojet 
alone 

Zur Mechanik der Photonen-Strahlan- 
triebe. Eugen Singer. FPS Mitteil., 
Jan., 1956. 92 pp. 11 refs. R. Oiden- 
bourg Verlag, Munich, DM 36. In Ger- 
man. Theoretical analysis of basic prin- 


ciples of jet propulsion as extended to the 


case of photon-jet propulsion, with discus- 
sion of chemical and nuclear rockets, ram- 
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jets, turbojets, propeller-driven 
engines 
Jet & Turbine 


Some Linear Dynamics of Two-Spool 
Turbojet Engines. David Novik. U.S, 
NACA TN 3274, June, 1956. 35 pp. 
Derivation of general equations for the 
linear responses of inner- and outer-spool 
speed to change in turbine-inlet tempera- 
ture and exhaust-nozzle area. 

Turbine Disks for Jet Propulsion Units; 
An Account of Work of the Disk Panel of 
the Ministry of Supply, Gas Turbine Col- 
laboration Committee, During the Years 
1941-1949. A. E. Johnson. Aircraft 
Eng., June, 1956, pp. 187-195. 

Selection of Optimum Configurations for 
Heat Exchanger with One Dominating 
Film Resistance. E. R. G. Eckert and 
T. F. Irvine, Jr. U.S., NACA TN 3713, 
June, 1956. 48 pp. 14 refs. Theo- 
retical analysis to determine which con- 
figuration requires the least energy to drive 
the primary fluid for a prescribed weight, 
volume, or frontal area. Includes calcu- 
lations for the case in which the heat ex- 
changer is inclined at an angle to the up- 
stream direction, for several configura- 
tions. 

Jet Engine Control—Servo Pump or 
Servo Valve. L. D. Taylor. Appl. Hy- 
draulics, May, 1956, pp. 119-123. Com- 
parison between servopumps and servo- 
valves used for a fluid power control unit 
on a turbojet, taking into account re- 
sponse, gain, power loss, and weight. 

Allison Power Package for the Lockheed 
Electra Transport. R. M. Hazen, Di- 
mitrius Gerdan, and R. R. LaMotte 
SAE J., June, 1956, pp. 50-54. De- 
scription of the Allison Model 501-D13 
and 501-D15 turboprop engines, including 
a discussion of fuel, oil, reduction gear, 
and torquemeter assembly, take-off auto- 
feather, and safety devices. 

Rolls-Royce Turboprops; An Account 
of the First Decade of Development. 
Aircraft Eng., June, 1956, pp. 839-841. 

Capacitor Type Fuel Gages and Con- 
trols. Sanford Solarz. Aero Dig., June, 
1956, pp. 26-29. Description of systems 
which allow for disposable fuel tanks, fuel 
programing to maintain aircraft stability, 
and indicators to show tank-full during in- 
flight refueling. 

Berechnung der Optimalen Leistungen, 
Kraftstoffverbrauche und Wirkungsgrade 
von Ejinkreis - Turbolader - Strahltrieb- 
werken am Boden und in der Hohe bei 
Fluggeschwindigkeiten von 0-2000 km/h. 
J. Endres. Nordrhein-Westfalen, Wirtsch. 
& Verkehrsmin., Forschungsbericht No. 
214, 1956. 61 pp. DM 15.40. In Ger- 
man. Calculation of optimum perform- 
ance, fuel consumption, and degree of 
efficiency of a turbocompressor jet engine 
on the ground and in the air at velocities 
ranging from 0 to 2,000 km. /h. 

Turbine Engine Testing. I—Testing 
Power Plants in the Air. K. T. Fulton. 
ll—Ground-Testing Plant and Pro- 
cedures. P.R.Stokes. I[I—Official Re- 
search and Development. F.T. Meacock. 
The Aeroplane, May 18, 1956, pp. 409-422. 
Extensive review of flight testing, bench 
testing, and the NGTE research and de- 
velopment facilities. 

Spannungsoptische Untersuchungen 
von Turbinenschaufelfiissen. K. Leist, 


AERONAUTICAL REVIEWS 127 


allblazers 


MARQUARDT 
BREAKS 

NEW 

FRONTIERS 
WITH 
BOMARC 
POWERPLANT 


NEW OGDEN ~ 
FACILITIES 

BOOST 
NATION'S 


DEFENSE 


\ 

* 


Marquardt’s research center is fast becoming one of this country’s crea- 


tive engineering capitals. Unlimited opportunities at Van Nuys are 


attracting many Research and Development engineers to Marquardt. 


Write for details: 


PROFESSIONAL PERSONNEL 
16555 Saticoy Street, Van Nuys, California 


THE WEST'S LARGEST JET ENGINE RESEARCH AND DEVELOPMENT CENTER 


| 
[SG 
Fil 
\ @ 
| 
é all CRAFT CO. 
— 


128 AERONAUTICAL ENGINEER 
kK. Schleiermacher, and J. Weber. DVL- 
Bericht No. 6, Mar., 1956. 56 pp. West- 


deutscher Verlag, Kéln & Opladen, DM 
14.60. In German. Results of optical 
stress measurements on the base of ham- 
mer-head and Laval-type turbine blades 
subjected to static loading. 

Turbinenschaufeln aus Kunststoff fiir 
Kaltluftuntersuchungen. K. Leist and 
W. Dettmering. DVL Bericht No. 4, 
Dec., 1955. 44 pp. Westdeutscher Ver- 
lag, Kéln & Opladen, DM 12.13. In Ger- 
man. Use of Plexiglas and casting resin 
for producing turbine blades for cold-air 
model testing, with specifications of their 
physical and mechanical properties and 
limitations. 

Schwingungsverhalten eines Schaufel- 
kraazesim Vakuum. H.S6hngen. DVL 
Bericht No. 1, Aug., 1955. 24 pp. West- 
deutscher Verlag, Kéln & Opladen. In 
German. Investigation of the pattern 
and frequency of free oscillations of a 
blade rim, whose blades are coupled at 
the base. The assumption of a known vi- 
brational behavior of a single blade is 
introduced, and the behavior of the blade 
connection is studied for the cases where 
(a) all blades have the same frequency and 
(b) the blades are separated into two differ- 
ent frequency groups. 


Ram-Jet & Pulse-Jet 


A Mechanism for High-Frequency Os- 
cillation in Ramjet Combustors and After- 
burners. Don E. Rogers and Frank E 
Marble. Jet Propulsion, June, 1956, pp. 
456-462. Investigation of high-frequency 
instability with measured stable screech 
limits, and amplitude and frequency of the 
oscillation, using photographic techniques. 


Reciprocating 


Fire-Resistance Studies of the Convair- 
340 Power Plant. L. A. Asadourian. 
U.S., CAA TDR 266, June, 1955. 6 pp. 
Experimental investigation including air 
flow and leakage tests using a dye intro- 
duced into the air stream upwind of the 
nacelle under simulated flight conditions 
and test fires in the nacelle to indicate 
which materials and components are most 
likely to fail. 

Wave Action in Diffusers for Exhaust- 
Pipe Systems, with Special Reference to 
the Scavenging of Two-Stroke Engines. 
F. J. Wallace and G. Boxer. Chartered 
Mech. Engr., June, 1956, pp. 317, 318. 
Abridged. Results of a theoretical and 
experimental investigation of the con- 
ditions governing the air flow in the natu- 
rally aspirated, opposed-piston two-stroke 
engine. 


Rocket 


Generalized Theory of the Optimum 
Thrust Programming for the Level Flight of 
a Rocket-Powered Aircraft. Placido Ci- 
cala and Angelo Miele. Jet Propulsion, 
June, 1956, pp. 443-455, 473. 17 refs. 
Analysis of an optimum-burning program 
for horizontal flight. Green's theorem is 
used to develop a method for determining 
extremal paths under different types of 
boundary conditions. 

Combustion Chambers for Rocket En- 
gines. A. D. Baxter. J. Brit. Inter- 
planetary Soc., May-June, 1956, pp. 146- 


163. 14 refs. Study of the combustion- 


chamber design problem. 


Production 


Application of Non-Destructive Testing 
in the Manufacture of Aviation Gas Tur- 
bine Engines. Frederick W. Rohde 
Ind. Quality Control, June, 1956, pp. 18-20 
Discussion of nondestructive testing with 
emphasis on new ultrasonic methods to 
determine internal defects and the nat- 
ural frequency of engine parts. 

Extra Fast, Extra Smooth; Aerody- 
namic Smoothness and Closer Tolerances 
Are Needed for the High-Speed Plane of 
Tomorrow. Boyd K. Bucey. SAE J., 
May, 1956, pp. 74-78. Discussion cover- 
ing the development of three phases of the 
airplane manufacturing process—forming, 
machining, and assembly—to achieve aero- 
dynamic smoothness and close tolerances 


Metalworking 


The Metal Bonding of Aircraft Assem- 
blies. J.J. Waller. Eng. J., May, 1956, 
pp. 603-609. (Also in Can. Aero. J., 
Apr., 1956, pp. 122-128.) 

The Place of Metal Bonding in Modern 
Aircraft Structures. Edw. van Beek. 
Aero Res. TN Bul. 158, Feb., 1956. 4 
pp. Evaluation of the process for a new 
approach to structural design 

How to Design Magnesium Castings 
Peder E. Moluf and John G. Mezoff 
Mach. Des., May 17, 1956, pp. 101, 102 
Design rules to ensure proper molding for 
sand, die, and permanent mold castings 


Tooling 


Transfer-Machining. Aircraft Prod., 
June, 1956, pp. 240, 241. Development 
of the Mueller universal indexing-, drill- 
ing-, and milling-machine for drilling and 
profile-milling gas turbine engine rings 


Welding 


Contour Beveling with the Electronic 


Tracer. Howard Cary and R. F. Helm- 
kamp. Welding J., May, 1956, pp. 450 
455. Description of the process used to 


reduce handling and subsequent operation 
in preparing gas-cut sections for welding 
assemblies 

Fracture Behavior in the Notch Slow- 
Bend Tests. W. J. Murphy and R. D 
Stout. Welding J. Res. Suppl., Apr., 
1956, pp. 169-s-180-s. A study of the 
effect of weld metal, heat-affected zone, 
and unaffected base plate in the initiation 
and propagation of the crack leading to 
brittle failure 

Notch Ductility of Weld Metal. 
William §. Pellini. Welding J. Res 
Suppl., May, 1956, pp. 217-s-233-s. 20 
refs. Analysis of basic concepts of weld- 
ing, including such considerations as 
stress, temperature, brittle fracture propa- 
gation, and fracture transition tempera- 
ture for elastic and plastic loading. 

Properties and Applications of Low- 
Hydrogen Iron-Powder Electrodes. D. 
C. Smith, W. G. Rinehart, and D. C. 
Helton. Welding J., Apr., 1956, pp. 
341-347. 

A Weld Cracking Susceptibility Test for 
Sheet Materials. John S. Boudreau. 
Welding J. Res. Suppl., Apr., 1956, pp. 
164-s-168-s. Quantitative test developed 
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for the determination of the weld cracking 
properties of sheet materials 

Oxyacetylene Welding of Jet Engine 
Parts. Welding J., June, 1956, pp. 581, 
582. Description of the production and 
welding of manifolds by the procedure 
adapted to the new requirements 

Quelques Problémes de Soudage Elec. 
trique par Résistance dans la Fabrication 
des Turbomachines. M. G. Moressée. 
Tech. et Sci. Aéronautiques, No. 1, 1956, 
pp. 41-54. In French. Some problems 
of electronic resistance welding in the 
fabrication of turbines, with a description 
of several turbine types, materials used 
for the construction, welding procedure, 
and results obtained by British, American, 
and French facilities. 

Spot-Welded Primary Structures. The 
Aeroplane, May 25, 1956, pp. 449-453. 
Discussion of spot-welding techniques and 
equipment used by Handley Page for cor- 
rugated sandwich skins. 

Inert Shielding Gases for Welding Alu- 
minum. J. D. Dowd. Welding J. Res, 
Suppl., Apr., 1956, pp. 207-s—210-s 

Dip Brazing Boosts Output of Aluminum 
Assemblies. Donald E. Wernz. Tool 
Engr., May, 1956, pp. 83-87. Descrip- 
tion of the process in terms of operational 
techniques, design of parts, equipment 
used, maintenance requirements, and tool- 
ing. Application is only to secondary air- 
craft structures owing to strength limi- 
tations. 

Creep and Stress-Rupture Tests on 
Molybdenum-Vanadium Weld Metal and 
Welds in Molybdenum-Vanadium Steel 
Using Vanadium-Bearing Electrodes. R. 
P. Kent. Metal Treatment, May, 1956, 
pp. 193-202. 

Welding of Titanium. FE. F. Gorman. 
Welding J., June, 1956, pp. 575-580. 
Discussion and comparison of various 
methods used in the application of the 
inert-gas tungsten-arc process outside of 
atmosphere-controlled chambers 


Gas - Shielded Consumable - Electrode 


Welding of 4130 Steel. C. R. Sibley. 
Welding J., Apr., 1956, pp. 334-340 


Evaluation of welding techniques for low- 
alloy, high-strength steels shows that the 
use of filler materials with carbon contents 
equivalent to the welded plate ensures 
equivalent strength in weld deposits 

Moisture and Its Effects in Carbon Di- 
oxide Welding of Steel. R. W. Tuthill. 
Welding J., Apr., 1956, pp. 330-333 

Some Aspects of the Metallography of 
Stainless Steel and Stainless-Steel Weld- 
ments. G. V. Smith. Welding J., May, 
1956, pp. 456-462. 18 refs. 

A Straight-Polarity, Inert-Gas Process 
for Welding Mild Steel. J. M. Cameron 
and A. J. Baeslack. Welding J., May, 
1956, pp. 445-449. 


Propellers 


The Transonic Propeller; Catering for 
the High Power Turboprop. Bristol 
Quart., Spring, 1956, pp. 11-14. Discus- 
sion of development, performance, and 
applications of the propeller in the tran- 
sonic speed range. 

Wake Survey and Straingauge Meas- 
urements on an Inclined Propeller in the 
R. A. E. 24ft Tunnel. II—Comparison of 
Measured and Calculated 1P Stresses. 
R. Doust and E. J. Hellier. Gt. Brit., 
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ured strain-gage results and values com- dynamics, propulsion, aviation electronics, 
puted from the predicted loadings. 
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Marshall Burquest. 
Trends (Cornell Aero. Lab.), Winter, 1955- 


Reference Works 


Special Issue: Research and Develop- 23 refs. Derivation of two-dimensional 
ment Technical 


AERONAUTICAL ENGINEERING REVIEW 


mn 
x 


BIS, New Age, June, 1956. 664 pp. Comprehen 
vering aircraft and aero- 


sive directo! 


accessory systems, materials, production 
equipment, computers, 
ns, and design data 


engineering 


Res. 


Lab Rep CAL-75, Oct., 1955 


Av. oscillatory 


Delavan . . . designer and manufacturer of 
fuel nozzles for Pratt & Whitney Aircraft’s 
J57 turbojet, powering the McDonnell F-101 
Voodoo. Delavan has brought unprecedented 
nozzle performance to the aircraft industry. 


DELAVAN Mfg. Co. 


WEST DES MOINES 1OWA 


Rotating Wing Aircraft 
A Two-Dimensional Approximation to 


the Unsteady Aerodynamics of Rotary 
Wings. Robert G. Loewy. Cornell Aero 


coefficients for rotary 


DEPTEMBER 1956 


wings, taking into account the shed vor. 
ticity beneath the plane of the rotor disc 
and neglecting the forward speed effects 

Evolution of the Saro Skeeter. 7h, 
Aeroplane, May 11, 1956, pp. 376-380. 
cutaway drawing. Developmental history 
and design characteristics of a two-seat 
helicopter. 

Some Helicopter Turbine Installations, 
A. W. Morley. J. Helicopter Assn. G 
Brit., Apr., 1956, pp. 429-445; Discussion, 
pp. 445-456. Application of three types 
of Napier gas turbine to power helicopter 
rotors by using direct mechanical drive 
and a tip jet reaction. 

Lycoming Develops XT53 Gas Turbine 
Engine for Helicopters. AHS Newsletter, 
June, 1956, pp. 7, 8. 

Performance Analysis of Fixed- and 
Free-Turbine Helicopter Engines. 
Richard P. Krebs and William S. Miller, 
Jr. U.S., NACA TN 3654, June, 1956 
49 pp. Theoretical investigation includ- 
ing calculation of performance character- 
istics of the two engines, with results, in 
terms of the appropriate equivalent param- 
eters, presentetl in the form of generalized 
performance charts; comparisons of off- 
design specific fuel consumption, altitude 
performance, power-speed characteristics, 
and response times; and calculations of 
flight ranges, hovering durations, rates of 
climb and altitude performance of an as- 
sumed 30,000-lb. helicopter powered by 
each of the engines, in order to gage the 
importance of the differences in off-design 
performance of the two engines when they 
are used as helicopter power plants 


Safety 


YC-121F Safety of Flight Evaluation. 
Charles J. Henshaw and Reese S. Martin 
USAF FTC TR-56-10, May, 1956. 26 
pp. Test to determine the operational 
safety of the engine - air-frame combi- 
nation and to obtain Phase VI Functional 
Development data consisting of mainte- 
nance discrepancies, man-hour require- 
ments, parts consumption, aircraft avail- 
ability, and systems analysis of the Lock- 
heed modified 1249 series Constellation 

Flight Safety Aspects of Electrical De- 
sign. W. F. Funk. Elec. Eng., July, 
1956, pp. 616-618. Analysis of aircraft 
accidents caused by material failure of an 
electrical component or inadequate con- 
sideration by the designer of the limita- 
tions of the human operator 

A Five-Band Recording Spectroradiom- 
eter. C. S. McCamy. U.S., NBS J 
Res., May, 1956, pp. 293-299. Descrip- 
tion of the ARDC-sponsored design and 
construction of an instrument to record 
the radiant intensity of flames in several 
broad regions of the spectrum and to deter- 
mine the frequency distribution of the 
flicker in each region in order to detect 
accidental fires in aircraft engine compart- 
ments. 

Aircraft Fire Extinguishment. V—Pre- 
liminary Report on High-Rate-Discharge 
Fire Extinguishing Systems for Aircraft 
Power Plants. U.S., CAA TDR 260, 
Feb., 1956. 10 pp. 

The New Naval Aviation Safety Pro- 
gram. A. L. Rasmussen. Aero. Eng 
Rev., Aug., 1956, pp. 28-31. Review of 
the work of the Naval Aviation Safety 
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DESIGN PHILOSOPHY. ai products 


are designed for the best attainable engineering 
compromise between high performance and low 
cost quantity manufacture. It is accordingly im- 
portant that we know, as precisely as the cus- 
tomer is able to determine, the actual operating 
requirements: the linearity, resolution and re- 
peatability which the instrument must have, and 
the temperature, vibration, acceleration, shock 
and other environmental conditions under which 
it must perform. A small relaxation on a toler- 
ance may be reflected in a large reduction in 
cost. It is our endeavor to meet each customer's 
needs with instruments of optimum performance 
at minimum cost. 


Specifications, drawings and other information 
on our instruments are available on request, and 
our engineers are always prepared to devise 
new designs to meet new requirements. 


COLVIN LABORATORIES, INC. 


364 Glenwood Avenue, East Orange, N. J. 


Electro-mechanical instrumentation 


for aircraft and missiles, and for industry 


Consult your 


1956 AERONAUTICAL 
ENGINEERING CATALOG 


for suppliers of aircraft parts, mate- 


rials, and services 


@ A master file of company product catalogs. 


@ 30,000 listings to vendors of over 2,000 aircraft 
and guided missile materials and components. 


@ Names, current addresses and general descrip- 
tion of products of all principal manufacturers. 


@ Handy inquiry postcards. 
AN OFFICIAL PUBLICATION: 
INSTITUTE OF THE 


AERONAUTICAL SCIENCES 
2 E. 64th St. New York 21, N.Y. 
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LOOK TO B.I.W. FOR 


IN HIGH TEMPERATURE 


CABLES 


FOR JETCRAFT and MISSILE APPLICATIONS 


These classifications have their upper temperature limits based on the 
performance of the insulating materials available. Each class of ma- 
terials have their relative cost, flexibility, printability, and abrasion 
resistance from which the aircraft electrical engineers may choose 
as the most suitable for the particular service intended. 


—70° to 250°F 250°F maximum copper temperature 
In sizes of #22 to #2/o. The latest improved vinyl 
insulation which exceeds the MIL-W-5086 specifica- 
tions. 


Instrument wiring specification covering #22 and #24 
gauge copperweld conductor smaller in diameter, light 
in weight. 


—70° to 350° 350°F maximum copper temperature 


In sizes #22 to #14. Silicone rubber insulation pro- 
tected by saturated fabric in single and multiconductor 
cables. Conforms to MIL-W-8777. 


—70° to 550° 500°F maximum copper temperature 


Teflon insulation. Specification MIL-W-7139A (400°) 
will withstand higher temperatures up to 550° for short 
periods. Type PFGGV-600 as approved under this 
specification has a silicone varnish outer protective glass 
braid. Type PFGGF-600 has teflon coated outer glass 
braid and can be used up to 500°F copper temperature. 


Single and multi-conductor wires for missiles available 
for use up to 550°F. 


—70° to 750° 1000°F 750°F conductor temperature 


Fibrous insulating materials properly applied to pro- 
vide the maximum voltage breakdown at high altitude 
and maximum abrasion possible. 


Let us know your area of interest and 
we will be glad to send samples for 
your examination. 


BIW HAS CONSISTENTLY SHOWN LEADERSHIP in the development of 
new types or forms of insulation for wires and cables in the aircraft 
industry. With quality and performance in service as the ultimate 
aim of its product, BIW has continually experimented with new 
materials and ideas. In many instances BIW initiated the use of 
certain materials or designs which later became standard in the air- 
craft industry. In other cases BIW recognized the merit of new 
types and participated in their early manufacture. 


BOSTON INSULATED WIRE & CABLE CO. 


70 BAY STREET BOSTON 25, MASS. 


BOSTON INSULATED {\ 
WIRE & CABLE CO, 
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MALLORY-SHARON reports on 


WUUAAIN 


World’s fastest flies with 
MALLORY-SHARON titanium 


e Performance details on the U.S. 
Air Force’s new Lockheed F-104 
are classified. But one thing can be 
said: all metals— including tita- 
nium supplied by Mallory-Sharon 
—used in this advanced aircraft 
have met the most stringent re- 
quirements. 


Mallory-Sharon, one of the lead- 
ing producers of titanium and 
titanium alloy mill products, has 
paced many improvements in the 
metal which account for its rapid 


MALLORY-SHARON TITANIUM 


MALLORY 


growth and acceptance today. 
Such things as certification of 
physical properties, guarantee of 
optimum machineability, devel- 
opment of heat treatable alloys, 
and so on. 


If you use titanium, you can de- 
pend on proved quality with 
Mallory-Sharon. If you don’t yet 
use titanium, isn’t it time you 
investigated this strong, light- 
weight, corrosion-resistant metal? 
Call us for your requirements. 


CORPORATION, NILES, OHIO 


SHARON 
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Center includes the collection of failure 
statistics and operational data and the 
publication of safety material 


Space Travel 


A Research Program Based on the 
Optical Tracking of Artificial Earth Satel- 
lites. F. L. Whipple and J. A. Hynek 
Proc. IRE, June, 1956, pp. 760-764. — Dis- 
cussion of the problems involved in early 
acquisition tracking, frequent orbit calcu- 
lations, ephemeris predictions for the pre- 
cise photographic tracking, the establish- 
ment and operation of 12 to 15 precision 
photographic stations over the earth, oper- 
ition of a communication net, and both 
current and final analysis of the positional 
data for obtaining more precise geophysi- 
cal results. 

Tracking the Earth Satellite, and Data 
Transmission, by Radio. John T. Men- 
gel. Proc. IRE, June, 1956, pp. 755-760 
Description of the NRL-developed Mini- 
track system which is independent of time, 
weather, or seeing conditions for acquisi- 
tion and tracking of the satellite by radio 
techniques, with a discussion of probable 
tracking accuracies. 

Telemetering and Propagation Prob- 
lems of Placing the Earth Satellite in Its 
Orbit. Daniel G. Mazur. Proc. IRE, 


June, 1956, pp. 752-754. 


Placing the Satellite in Its Orbit. 
Milton W. Rosen. Proc. IRE, June, 
1956, pp. 748-751. Discussion of the 


method of launching and explanation of 
the reasons for selecting the 
method 


adopted 


Structures 


Aircraft Structures Must Fail Safe. 
J. F. McBrearty. SAE J., June, 1956, 
pp. 26, 27, 29. Comparison between the 
safe-life and fail-safe methods of struc- 
tural design showing advantages of the 
latter method. 

Tear Resistance in Aircraft Structures. 
J. Anthony Edwards. Aeronautics, June, 
1956, pp. 71, 73, 74, 77. Description of 
investigations of crack propagation cover- 
ing fuselage tear, cyclic pressure, and 
puncture tests. 

The Influence of Pre-Loading on the 
Fatigue Life of Aircraft Components and 
Structures. Appendix I—Fatigue Tests 
on D.T.D.546 B Aluminium Alloy Sheet 
Specimens. Appendix II—Fatigue Tests 
on Lugs. Appendix III—Fatigue Tests 
on Channel-Sectioned Parts. Appendix 
IV—Fatigue Tests on Transverse Hole 
Specimens. Appendix V—Fatigue Tests 
on Wing Joints. Appendix \VI—Fatigue 
Tests on Meteor 4 Tailplanes. Appendix 
VIi—Fatigue Tests on (a) Circumferen- 
tially Notched Specimens, and (b) Spot 
Welded Joints. RnR. B. Heywood Gt 
Brit., ARC CP 232, 1956. 27 pp. BIS, 
New York, $0.72. Results of fatigue 
tests on aircraft components and _ struc- 
tures show that the tensile preloading in- 
creases fatigue life and that the compres- 
sive preloading reduces fatigue life. This 
phenomenon is attributed to residual 
stresses and to load redistributions in- 
duced by preloading. 

The Strength of Tubes Under Uniform 
External Pressure. P. C. Cleaver. (Gt 
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Brit., RAE Rep. Struc. 193, Nov., 1955. 
180 pp. 29 refs. Evaluation of the de- 
velopment of theoretical solutions to the 
problem of determining the strength of 
tubes subjected to uniform external pres- 
sure, and description of an extensive series 
of tests to check the accuracy of the 
Sturm solution to this problem and the 
effects of material properties on collapse 
pressure. A total of 530 tests were made 
covering ranges of length-to-diameter from 
14.0 to 0.51 and nominal thickness-to- 
diameter from 0.0098 to 0.056. 

Remarks on the Centre of Shear. 
Carl E. Pearson. ZAMM, Mar.-Apr., 
1956, pp. 94-96. Analysis of the dis- 
crepancy between the methods for calcu- 
lating the position of the center of shear 
in order to determine the limits for the 
quantity of the difference. 

Stiffness of Curved Circular Tubes with 
Internal Pressure. P. G. Kafka and 
M.B. Dunn. J. Appl. Mech., June, 1956, 
pp. 247-254. 12 refs. Method for com- 
puting the flexibility factor for plane pipe 
lines considering internal-pressure effects 
Formulas for the first and second approxi- 
mation to both the flexibility and the 
stress-intensification factors are given. 

On Thin-Ring Analysis. Bruno A. 
Boley. J. Aero. Sci., Aug., 1956, pp. 802- 
804. Analysis giving a formula for the 
bending moment at any point of a closed 
ring of arbitrary shape under arbitrary 
loadings in the plane of the wing. 


Bars & Rods 


The Pattern of Plastic Deformation in a 
Deeply Notched Bar with Semicircular 
Roots. L. Garr, E. H. Lee, and A. J. 
Wang. (ASME Diamond Jubilee Annual 
Meeting, Chicago, Nov. 13-18, 1955.) J. 
Appl. Mech., Mar., 1956, pp. 56-58. 
Analysis of finite deformation by a graph- 
ical method using a grid square scribed 
on the undeformed cross section. The 
deformed pattern shows regions of large 
plastic strain. 

The Nonlinear Bending of Thin Circular 
Rods. H. D. Conway. (ASME_ Dia- 
mond Jubilee Annual Meeting, Chicago, 
Nov. 13-18, 1955.) J. Appl. Mech., Mar., 
1956, pp. 7-10. Development of bend- 
ing equations from the Bernoulli-Euler 
equation, taking into account both verti- 
cal and horizontal loading. Numerical 
results are plotted. 


Beams & Columns 


Buckling of Columns in the Presence of 
Creep. Sharad A. Patel. Aero. Quart., 
May, 1956, pp. 125-134. Application of 
the Hoff theory of creep buckling which 
takes into account the instantaneous 
elastic and plastic deformations and the 
transient and secondary creep phe- 
nomena. 

Creep Stresses and Defiections of Col- 
umns. T. H. Lin. J. Appl. Mech., 
June, 1956, pp. 214-218. 15 refs. De- 
velopment of a direct method with no iter- 
ation for calculating stresses and deflec- 
tions of a pin-ended column. The relaxa- 
tion moment in a particular time interval 
is treated as an initial curvature of the 
column. 

Correlation of Creep-Buckling Tests 
with Theory. Sharad A. Patel, Joseph 
Kempner, Burton Erickson, and Abol H. 


Mobassery. U.S., NACA RM 56C20, 
May 23, 1956. 39 pp. refs. Results 
of short-time creep-buckling and creep- 
bending tests of 2024-T4 aluminum-alloy 
columns of slenderness ratio 111. The 
results are used in combination with a 
previously derived creep-buckling theory 
for the derivation of a semiempirical for- 
mula applicable as a guide to the deter- 
mination of the critical time for columns 

A Method of Stepwise Integration in 
Problems of Impact Buckling. A. F. 
Schmitt. J. Appl. Mech., June, 1956, pp 
291-294. Method for the calculation of 
approximate load and deflection variations 
for an axially impacted column, when the 
high-velocity impact stresses exceed the 
elastic limit 

Plastic Deformation of Semi-Infinite 
Beams Subject to Transverse Impact 
Loading at the Free End. M. F. Conroy 
J. Appl. Mech., June, 1956, pp. 239-243 
Analysis of semi-infinite beams subjected 
to a constant bending moment, together 
with a transverse force which is propor- 
tional to the square root of time. Solu- 
tions are presented for the plastic-rigid 
and for the elastic-plastic cases. 

Pretwisted Beams and Columns. John 
Zickel. J. Appl. Mech., June, 1956, pp. 
165-175. Development of a theory for 
the behavior of pretwisted structural mem- 
bers of a thin-walled section with slight 
initial bending 

Some Solutions of the Timoshenko 
Beam Equations. B. A. Boley and C. C 
Chao. (ASME Natl. Conf., Troy, N.Y., 
June 16-18, 1955 J. Appl. Mech., Dec., 
1955, pp. 579-586. Application of the 
method of Laplace transformation to the 
solution of four types of loading applied to 
a semi-infinite beam. 


Cylinders & Shells 


Analysis of Short Thin Axisymmetrical 
Sheils Under Axisymmetrical Edge Load- 
ing. G. Horvay, C. Linkous, and J. S 
Born. (ASME Diamond Jubilee Annual 
Meeting, Chicago, Nov. 13-18, 1955.) 
J. Appl. Mech., Mar., 1956, pp. 68-72. 
13 refs. Based on work by Hildebrand on 
modification of the Geckeler method to 
embrace shells of short length with slowly 
varying meridional curvature and wall 
thickness. Resulting formulas are suited 
for the analysis of the tapered hub portion 
of a flanged shell 

Displacements in an Elastic-Plastic 
Cylindrical Shell. P. G. Hodge, Jr. 
(ASME Diamond Jubilee Annual Meet- 
ing, Chicago, Nov. 13-18, 1955.) J. 
Appl. Mech., Mar., 1956, pp. 73-79. The 
elastic-plastic problem is stated for an 
ideal sandwich shell, and the stresses and 
deformations are computed for a particular 
example. An approximate technique, ap- 
plicable to all shells, is developed in order 
to replace laborious computations. 

Deformations of an _ Elastic-Plastic 
Cylindrical Shell with Linear Strain Hard- 
ening. P.G. Hodge, Jr., and F. Romano 
J. Mech. & Phys. Solids, May, 1956, pp. 
145-161. Analysis of a thin-walled cylin- 
drical shell of finite length subjected to a 
slowly increasing uniform radial pressure, 
taking into account linear strain harden- 
ing. 

Thin Circular Conical Shells Under 
Arbitrary Loads. N. J. Hoff. (ASME 


1956 


Natl. Conf., Troy, N.Y., June 16-18, 1955.) 
J. Appl. Mech., Dec., 1955, pp. 557-562. 9 
Derivation of three partial differentia] 
equations through the use of variational 
calculus to define the displacement of the 
median surface of a conical shell. 

Stress Distributions Within Solids 
Bounded by One or Two Cones. Antony 
J. A. Morgan. ZAMP, Mar. 25, 1956, 
pp. 130-145. Derivation of a formal soly- 
tion, using the Mellin transform, of the 
governing differential equation for the 
stress functions in the case where the solid 
is subjected to axially symmetric external 
loadings. Includes an illustrative example 
of the semi-infinite solid cone. 

Bending and Torsion of Circular Cylin- 
der Cantilever Beams of Cylindrically 
Aeolotropic Material. W. S. Ericksen, 
J. Appl. Mech., June, 1956, pp. 185-190, 
Analysis for the determination of stress 
components and displacements of canti- 
lever beams using the Saint Venant semi- 
inverse method. 

On Axially Symmetric Bending of 
Nearly Cylindrical Shells of Revolution. 
R. A. Clark and E. Reissner. (ASME 
Diamond Jubilee Annual Meeting, Chi- 
cago, Nov. 13-18, 1955.) J. Appl. Mech. 
Mar., 1956, pp. 59-67. Method for ob- 
taining approximate solutions for stresses 
and deflections by means of a perturbation 
process based on the assumption that all 
desired quantities can be represented as 
expansions in powers of two small param- 
eters. This procedure in turn leads toa 
set of linear differential equations with 
constant coefficients, which may be solved 
successively. 

Elastic-Stress Waves Produced by 
Pressure Loads on a Spherical Shell. J. 
H. Huth and J. D. Cole. (ASME West 
Coast Conf., Monterey, Sept. 12, 13, 1955.) 
J. Appl. Mech., Dec., 1955, pp. 473-478. 
Analysis of the problem of stresses in a 
spherical elastic shell as related to the 
study of the effect of blast waves on a 
missile in flight. 


Elasticity & Plasticity 


Bending Creep and Its Application to 
Beam-Columns. L. W. Hu and N. H. 
Triner. (ASME Diamond Jubilee Annual 
Meeting, Chicago, Nov. 13-18, 1955.) J. 
Appl. Mech., Mar., 1956, pp. 35-42. 11 
refs. Development of a method for deter- 
mining the creep deflection of a member 
subjected to a bending moment, and its 
application to a beam column. Results 
of experimental verification conducted ona 
beam-column of FS1-F magnesium alloy 
at 260° F. compared satisfactorily with 
theoretical predictions. 

Relative Accuracy of Deflections and 
Bending Moments (or Stresses) Derived 
by the Method of R.A.E. Report No. Struc- 
tures 168. D. Williams. Gt. Brit., RAE 
TN Struc. 188, Mar., 1956. 12 pp. 

Combined Stress Tests in Plasticity. 
Aris Phillips and Lloyd Kaechele. 
(ASME Diamond Jubilee Annual Meet- 
ing, Chicago, Nov. 13-18, 1955.) J. Appl. 
Mech., Mar., 1956, pp. 43-48. 10 refs. 
Results of tests on thin-walled tubes of 
2S-O aluminum alloy, where in most tests 
the tubes were subjected to combined ten- 
sion and torsion with variable stress ratios. 
Results favor incremental theories of 
plasticity. 
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New Flexible Connectors 
Solve Motion Problems 
for End-Loaded Piping Systems 


Takes unilateral Takes motion 


motion, in any plane. 
FLEXON® FLEXON® 
PINNED ELBOW JOINT GIMBAL JOINT 


These two new FLEXON Joints have been developed to solve 
design problems in piping and ducting for jet aircraft and 
missiles. By recognizing the problems of thermal expansion, 
installation misalignment, air frame deflection and high end 
loads, they offer the following advantages: 


1. Completely self restraining. 

2. Low loads for deflection. 

3. Reduced pressure drop (liners incorporated). 

4. Reduced system weight—heavy anchors are 
eliminated—simple line supports are the only 
requirement. 

5. Minimum envelope. 

6. Maximum fatigue life verified by comprehensive 
laboratory tests. 


The FLEXON Pinned Elbow Joint is a unilateral device de- 
signed to take + 5° angular motion in the plane of the bend. 
The FLEXON Gimbal Joint takes 5° motion radially about its 
axis. Both types are furnished in high strength corrosion resist- 
ant alloys to meet specific requirements in sizes 1” through 4”. 
For recommendations send an outline of your needs. 


RFA-31 


FLEX ON Flexonic 
QUALITY 


AIRCRAFT 
DIVISION 


1309 S$. THIRD AVENUE, MAYWOOD, ILLINOIS 


4 years FORMERLY CHICAGO METAL HOSE CORPORATION 


Manufacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 


In Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


Das ungeléste Hauptproblem der end. 
lichen Elastizitaétstheorie. C. Truesdel] 
ZAMM, Mar.-Apr., 1956, pp. 97-110. 
In German. Summary of investigations 
in the finite theory of elasticity 

Linear Superposition in Visco-Elasticity 
and Theories of Delayed Effects. E.R 
Love. Australian J. Phys., Mar., 1956, 
pp. 1-12. Establishment of necessary 
and sufficient conditions, expressed jn 
physical and mathematical terms, for the 
formula expressing the stress history as an 
integral linearly involving the strain his. 
tory 

Plastic Deformations of a Free Ring 
Under Concentrated Dynamic Loading, 
R.H. Owens and P.S.Symonds. (ASME 
Natl. Conf., Troy, N.Y., June 16-18, 1955. 
J. Appl. Mech., Dec., 1955, pp. 523-529 
Analysis of concentrated time-dependent 
forces acting along a diameter on an un- 
supported ring to obtain approximations of 
the deformation of the ring by neglecting 
elastic strain and by assuming ideally 
plastic behavior. 

The Stress Distribution in a Strip 
Loaded in Tension by Means of a Central 
Pin. P.S. Theocaris. (ASME Diamond 
Jubilee Annual Meeting, Chicago, Nov 
13-18, 1955.) J. Appl. Mech., Mar., 
1956, pp. 85-90. Derivation of an exact 
solution for the stress distribution in a 
strip of infinite length having a single 
axial hole. An alternating approximation 
method is used to determine the stress dis- 
tribution, and the stresses are tabulated in 
the form of stress-concentration factors for 
different values of diameter of the hole. 

Stress Waves in Solids. R. M. Davies. 
Brit. J. Appl. Phys., June, 1956, pp. 203- 
209. Elementary discussion of the trans- 
mission of transient stress pulses of short 
duration and of the problem of measuring 
pressures subject to rapid changes, with 
detailed description and evaluation of the 
pressure bar method. Includes consider- 
ation of the changes in form of stress wave 
pulses as they recede from the origin and 
of the main features of distortion when the 
pulses are propagated in elastic and visco- 
elastic solids and in solids stressed beyond 
the elastic limit. 

Stress Concentration Caused by Mul- 
tiple Punches and Cracks. Michael Sa- 
dowsky. (ASME Diamond Jubilee 
Annual Meeting, Chicago, Nov. 13-18, 
1955.) J. A ppl. Mech., Mar., 1956, pp. 
80-84. 10 refs. General theory of stress 
distribution under several punches in si- 
multaneous action and of stress concen- 
tration caused by several cracks. A com- 
plete evaluation for the case of two 
punches or two cracks is included 

The Affine Transformation for Ortho- 
tropic Plane-Stress and Plane-Strain 
Problems. H. A. Lang. (ASME Dia- 
mond Jubilee Annual Meeting, Chicago, 
Nov. 13-18, 1955.) J. Appl. Mech., Mar., 
1956, pp. 1-6. Extension of the isotropic 
plane problem to the solution of ortho- 
tropic plane problems by use of a single 
affine transformation of the type x = ax’, 
y = by’, where the orthotropic material is 
characterized by three independent con- 
stants instead of the normal] four inde- 
pendent constants. 

Uber ein simultanes Differenzenverfah- 
ren zur Abschitzung der Torsionssteifig- 
keit und der Kapazitit nach beiden 
Seiten. Joseph Hersch, Albert Pfluger, 
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and Andreas Schopf. ZAMP, Mar. 25, 
1956, pp. 89-113. In German. Deri- 
yation of a theoretical method of deter- 
mining the upper and lower bounds of the 
torsion of a prism whose cross section is 
covered by a mesh lattice, taking into ac- 
count Thompson and Dirichlet principles. 
Comparison of Slip-Line Solutions with 
Experiment. E.G. Thomsen. J. Appl. 
Mech., June, 1956, pp. 225-230. 13 refs. 
Plane-strain and axially symmetric ap- 
proximate solutions for perfect plasticity 
are compared with experimental results 
obtained from the extrusion of a billet of 
commercially pure aluminum. 


Plates 


On Some Problems in Bending of Thick 
Circular Plates on an Elastic Foundation. 
Daniel Frederick. J. Appl. Mech., June, 
1956, pp. 195-200. 10 refs. Solutions 
using the Reissner theory for the case of 
axially symmetric bending of a finite cir- 
cular plate on an elastic foundation under 
a partial uniform loading, and of the case 
of nonsymmetric bending of an infinite plate 
on an elastic foundation with a rigid cir- 
cular inclusion. 

Experimental Verification of Circular 
Plate Bending Theory. Jacob Herrmann 
and C. S. Ades. J. Franklin Inst., June, 
1956, pp. 631-635. Experimental investi- 
gation involving two circular ring plates 
under a concentrated load along the inner 
edge and freely supported along the outer 
edge. Includes strain measurements 
taken at various radii of plates with both 
uniform and nonuniform profiles; tests on 
discs loaded to virtual failure, as indi- 
cated by excessive deflections, in order to 
determine their rupture factors; and a 
hardness check on the uniform plate to 
evaluate the ultimate tensile strength. 

Biegung diinner Platten und Varia- 
tionssatze bei einem nichtlinearen Elasti- 
lititsgesetz. K.Ozden. Ing.-Arch., No. 
3, 1956, pp. 1388-147. In German. 
Study of the problem of bending of thin 
plates, with a development of three meth- 
ods for the solution of basic equations of 
the theory of elasticity for small distor- 
tions. 

Buckling of Simply Supported Plates 
Tapered in Planform. Bertram Klein. 
J. Appl. Mech., June, 1956, pp. 207-213. 
Derivation of design curves for determin- 
ing the elastic buckling loads of simply 
supported flat plates of isosceles trape- 
zidal plan form, loaded in compression 
along the parallel edges. 

Theory of Plastic Buckling of Plates and 
Application to Simply Supported Plates 
Subjected to Bending or Eccentric Com- 
pression in Their Plane. P. P. Bijlaard. 
(ASME Diamond Jubilee Annual Meeting, 
Chicago, Nov. 13-18, 1955.) J. Appl. 
Mech, Mar., 1956, pp. 27-34. 27 refs. 
The solutions are based on the author's 
theory of plastic plate buckling and are 
obtained by reducing the governing partial 
differential equation to ordinary finite- 
difference equations. Second-order finite 
differences are used, with a spacing equal 
toone ninth of the plate width. A simple 
design formula is presented for the plastic 
reduction factor with which the elastic 
buckling stress must be multiplied in 


order to obtain the plastic buckling 
stress, 
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Large Defliections of Elliptical Plates. 
N. A. Weil and N. M. Newmark. 
(ASME Diamond Jubilee Annual Meet- 
ing, Chicago, Nov. 13-18, 1955.) J. Appl. 
Mech., Mar., 1956, pp. 21-26. 15 refs. 
Solution by the energy method of a 
changed elliptical plate of constant thick- 
ness and subjected to a uniformly distri- 
buted load. The treatment is extended 
to the limiting cases of the circular plate 
and infinite strip. 

A New Approach to the Analysis of 
Large Deflections of Plates. Appendix— 
Circular Plates with Uniform Loading. 
H. M. Berger. (ASME West Coast Conf., 
Monterey, Sept. 12, 13, 1955.) J. Appl. 
Mech., Dec., 1955, pp. 465-472. 12 refs. 
Derivation of approximate simplified 
nonlinear equations, under the assumption 
that the strain energy due to the second 
invariant of the middle-surface strains can 
be neglected. Includes calculations for 
the deflection of uniformly loaded circular 
and rectangular plates with various bound- 
ary conditions and a comparison with 
available numerical solutions of the exact 
equations, using the obtained deflections 
for the calculation of stresses of a circular 
plate. 

Solution of the Problem of the Canti- 
lever Square Plate by the Use of Influence 
Coefficients and a High Speed Digital 
Computer. D. Williams and P. C. Bir- 
chall. Gt. Brit. RAE TN Struc. 178 
(M.S. 25), Mar., 1956. 6 pp. Solution 
for stresses and deflections of a square plate 
of constant thickness, fixed along one edge 
and subjected to transverse loads. 

On the Theory of Curved Plates with 
Pronounced Deformation. K. Mar- 
guerre. (Sth Cong. Appl. Mech., Harvard 
U. and MIT, Sept. 12-16, 1938, Proc.) 
Gt. Brit. MOS TIB/T4613, Mar., 1956. 
16 pp. 11 refs. Translation. Analysis 
of the elastic behavior of curved plates 
beyond the stability limits using the energy 
method. Two equations for stress func- 
tion and vertical displacement are obtained 
for the case of slight precurvature, and the 
Ritz method is used to obtain approximate 
solutions. 

Theoretical Determination of Rigidity 
Properties of Orthogonally Stiffened 
Plates. N. J. Huffington, Jr. (ASME 
Diamond Jubilee Annual Meeting, Chicago, 
Nov. 13-18, 1955.) J. Appl. Mech., Mar., 
1956, pp. 15-20. 15 refs. Analytical 
development of four effective rigidity con- 
stants in terms of elastic constants of the 
material and of plate geometry, which can 
be used for thin orthotropic plates in deter- 
mining mean deflections and stresses of 
the stiffened plate. 

The Load-Carrying Capacity of Circular 
Plates at Large Deflection. E. T. Onat 
and R. M. Haythornthwaite. (ASME 
Diamond Jubilee Annual Meeting, Chi- 
cago, Nov. 13-18, 1955.) J. Appl. Mech., 
Mar., 1956, pp. 49-55. 18refs. Approxi- 
mate analysis of load capacity (after finite 
deflection) by assuming a velocity field 
based on boundary conditions and on the 
incipient velocity field of the flat circular 
plate. 

Optimum Designs for Reinforced Circu- 
lar Holes. E. H. Mansfiel. Gt. Brit., 
ARC CP 239, 1956. 28 pp. BIS, New 
York. $0.72. Development of an opti- 
mum weight-strength design method for 
reinforced circular holes in an infinite 
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sheet. It is shown that, for a given total 
weight of reinforcement, the stress con- 
centration in the sheet may be reduced by 
suitably varying the reinforcement around 
the hole. 


Sandwich Structures 


End Grain Balsa as a Sandwich Core 
Material; A Study of the Properties of 
Wood Cored Panels Used in the Construc- 
tion of Aircraft. J. P. White. Aircraft 
Eng., June, 1956, pp. 199-201. 

On the Torsion of Rectangular Sand- 
wich Plates. Paul Seide. J. Appl. 
Mech., June, 1956, pp. 191-194. Cal- 
culation of the torsional rigidity of rec- 
tangular sandwich plates of constant thick- 
ness, assuming free-to-warp cross sec- 
tions. The faces are isotropic and of 
equal thickness while the core may be 
orthotropic, the axes of orthotropy coin- 
ciding with coordinate axes of the struc- 
ture. 


Testing 


The Application of Radiography to Air- 
frame Inspection. R. A. Fry and E. W. 
Kowol. Aeronautics, May, 1956, pp. 86, 
89, 90. 

Techniques and Problems in Testing 
Structures at Elevated Temperatures. 
Lewis H. Abraham. JAS Natl. Summer 
Meeting, Los Angeles, June 18-21, 1956, 
Preprint 640. 7 pp. Members, $0.35; 
nonmembers, $0.75. Discussion of test- 
ing methods and loading techniques for 
high-temperature testing of materials. 

Studies in Dynamic Photoelasticity. 
M. M. Frocht and P. D. Flynn. (ASME 
Diamond Jubilee Annual Meeting, Chi- 
cago, Nov. 13-18, 1955.) J. Appl. Mech., 
Mar., 1956, pp. 116-122. 16 refs. De- 
scription of equipment and techniques 
used to obtain dynamic photoelastic 
stress patterns from arbitrary lines in 
plane-stress systems by mean of streak 
photography. 

Studies in the Theory and Application 
of Photoplasticity. R. Hiltscher. (VDI 
Zeitschrift, No. 2, 1955, pp. 49-58.) Gt. 
Brit., RAE Lib. Transl. 531, Mar., 1956. 
20 pp. Description of the method applied 
to the study of bodies exhibiting elastic 
and plastic strain, and of the growth of 
the plastic region and its effect on stress 
distribution in the elastic region for plane 
stress or strain states. 


Thermal Stress 


Theory and Experiment in the Solution 
of Structural Problems of Supersonic Air- 
craft. I—Aerodynamic Heating and Its 
Effects. N. J. Hoff, Martin Bloom, 
Frederick V. Pohle, Henry Oliver, I. 
Mirsky, William I. Berks, and Alexander 
Chwick. II—The Effect of Rapid Creep. 
N. J. Hoff. II—Theory and Practice of 
Induction Heating. William R. MacLean 
and §. Lederman. USAF WADC TR 
55-291, Mar., 1956. 346 pp. 

A Re-Evaluation of Some Airframe 
Thermal Problems. Norris F. Dow. 
IAS Natl. Summer Meeting, Los Angeles, 
June 18-21, 1956, Preprint 639. 10 pp. 
17 refs. Members, $0.35; nonmembers, 
$0.75. Discussion of material selection, 
thermal stresses, and creep in high-speed 
aircraft structures. 
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An Engineering Approach to Some 
Structural Problems Arising from Kinetic 
Heating. E. H. Bateman. J. RAeS, 
June, 1956, pp. 402-407. 10 refs. 

Large Deflection Analysis for a Plate 
Strip Subjected to Normal Pressure and 
Heating. M.L. Williams. (ASME West 
Coast Conf., Monterey, Sept. 12, 13, 1935.) 
J. Appl. Mech., Dec., 1955, pp. 458-464. 
Development of a single relation for cal- 
culating the deflection and membrane 
stress for an infinite strip with the end 
points fixed in space, with calculations for 
the specific cases of both clamped and 
simply supported plates subjected to a 
uniform pressure and uniform temperature 
rise. 

Panels Under Thermal Stress; The 
Behaviour of a Panel Restrained Against 


Expansion in One Direction and Loaded 
in the Other Direction When Subjected to 
Kinetic Heating. E. W. Parkes. A/ir- 


craft Eng., June, 1956, pp. 180-186 
Thermodynamics 
Combustion 
The Shadowgraph of a Flat Flame. F 
J. Weinberg. Proc. Royal Soc. (London), 


Ser. A, June 12, 1956, pp. 510-517. De- 
scription of structure of the shadow 
and calculation, for a shadow close to the 
flame, of the temperatures in the flame 
giving rise to the maximum and minimum 
light intensities. Includes quantitative 
correlation of the shadowgraph distri- 
bution with flame structure in a geo 
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metrically simple system for a shadow dis. 
tant from the flame. Analysis considers 
the case of a beam of rays, initially paralle| 
to each other, traversing a flat flame of 
finite diameter in premixed gaseous react. 
ants, the one perpendicular to the flame 
being at right angles to the initial direction 
of the rays. 

Combustion in Turbulent Flow. (Sum. 
mary of Remarks at a Special Panel Meet. 
ing, Apr. 14-15, 1955, Johns Hopkins U,, 
Appl. Phys. Lab.) Jet Propulsion, June, 
1956, pp. 480-495. 43 refs. Flame Tur- 
bulence Measurements by the Method of 
Helium Diffusion, Arthur A. Westenberg 
Schlieren and Direct Photographic Studies 
of the Turbulent Flame Structure, Joseph 
Grumer. Radiation from Turbulent 
Flames, A. L. Berlad. Combustion jn 
Turbulent Flow, K. Wohl. Incipient 
Flame Propagation in a Turbulent Stream, 
H. L. Olsen and E. L. Gayhart. The In. 
fluence of Turbulence on Flame Propaga- 
tion Rates, Ray E. Bolz and Henry Bur. 
lage, Jr. A Comment on Turbulent Com- 
bustion, Leslie S. G. Kovasznay. On the 
Flow Patterns of Flame, S. I. Pai. Turbu- 
lent Flames in Gases, Martin Summer- 
field. Remarks on Turbulent Flames, 
Béla Karlovitz. Flames in Turbulent 
Streams, W. G. Berl, J. L. Rice, and P. 
Rosen. Flame Spreading from Baffles, 
M. A. Weiss. An Investigation of the 
Burning Rates of Confined Turbulent 
Flame Jets, J. J. Zelinski, W. T. Baker, 
L. J. Matthews III, and E. C. Bagnall 
Interactions of Flames and Flow Disturb- 
ances, G. H. Markstein. A Model for the 
Flame Front in a Viscous Heat Conduc- 
tive Gas Mixture for Hydrodynamic In- 
vestigations, Boa-Teh Chu. Comments 
on Landau Instability, Boa-Teh Chu 
One-Dimensional Laminar Flame Front 
Structure, Raymond Friedman. The Ap- 
plicability of One-Dimensional Models to 
Three- Dimensional Laminar Bunsen 
Flame Fronts, Robert M. Fristrom 

Second Quarterly Technical Status Re- 
port on Non-Stationary Combustion Stud- 
ies (Covering Period From December 
16th, 1955 to March 20th, 1956). D 
Bitondo, C. Hedges, E. Knuth, and N 
Thomas. ADC Rep. 2110-R2, Mar. 28, 
1956. 8 pp. 

Quelques Résultats d’Etudes de |’Al- 
lumage et de 1’Inflammation des Proper- 
gols Liquides. M. Barrére and A. Mov- 
tet. La Recherche Aéronautique, Nov- 
Dec., 1955, pp. 27-34. 15 refs. In 
French. Results of studies of the ignition 
and burning of liquid propergols, using 
high-speed cinematography for the initial 
process in a combustion chamber with 
transparent walls. Optical density vari- 
ations are found to follow the temperature 
changes. The study covers the effects of 
chemical and physical properties of the 
propellants in relation to the overall time 
lag in burning, ignition delay, accumula- 
tion of propellant in the combustion cham- 
ber, and the establishment of a stable re 
gime, considered in relation to one al- 
other. 

Etude Expérimentale de la Combustion 
de Gouttes de Monergol. Marcel Barrere 
and Héléne Moutet. La Recherche Aéro- 
nautique, Mar.-Apr., 1956, pp. 31-38. In 
French. Experimental study of the com- 
bustion of monergol droplets, with calcu- 
lation of the diameter evolution 
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ENGINEERS . ...are You an overaged freshman? 


e Are you looking for a position with more technological 
impact and challenge to ability? Full utilization of each 
engineer’s abilities is our constant goal. If you qualify, now 
may be the time to throw away that Beanie Cap and tackle 
amore stimulating and rewarding job. 


Immediate openings in: 

¢ DESIGN ENGINEERING— Mechanical, electrical, and flight 
test instrumentation design engineering. 

¢ STRUCTURES ENGINEERING 


* AEROELASTICITY AND FLUTTER—Missile Department Head 
needed. 


AERODYNAMICS 
¢ OPERATIONS ENGINEERING 
SERVICE ENGINEERING—Writers and Illustrators. 


MACareers are Successful Careers! 


e DYNAMICS—Helicopter Supervisor needed. 

e AIRLOADS AND FLIGHT CRITERIA 

e ELECTRONIC PACKAGING DESIGN 

e FLIGHT TEST ENGINEERING—Senior Flight Test and Senior 
Data Analysis Engineers needed. 

e RELIABILITY ENGINEERING 

e@ HELICOPTER SYSTEMS ENGINEERING 


M.A.C. engineers are engaged on Airplane, Helicopter, 
and Missile development projects covering the entire spec- 
trum of aeronautical endeavor. 


Send detailed resume to: 


TECHNICAL PLACEMENT SUPERVISOR 
BOX 516, ST. LOUIS 3, MISSOURI 


MIDONNELL Casati 
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“a 
3 


140 


AERONAUTICAL ENGINEERING REVIEW—SEPTEMBER 


ENGINEERING TIMETABLE 


Two heads, says the proverb, are better 
than one. And three can be a veritable 
bonanza, if they happen to be attached to 
the kind of dynamic engineers you'll find 
at Fairchild Guided Missiles Division. 


Here at FGMD, problems are solved by 
teamwork. Two heads or twenty, it is col- 
lective thinking, contributed in engineer- 
ing groups, that speeds progress in such 
fields as inertial guidance, passive guidance 
and radar and the many other advanced 
engineering projects now underway. 


Perhaps you have a place on the team. 
Look at the opportunities on the right. If 
you feel you qualify, arrange an interview 
right away. You'll like what you see when 
you investigate your opportunities at 
Fairchild Guided Missiles Division. 


Send that complete resume to R. B. 
Gulliver. He'll give it prompt attention. 


Senior Electronics 
Engineers: 
Missile systems 
Senior Electronics 
Engineers: 
Servo and Analog 
Computer experience 
Project Engineers: 
Electronics or 
Electromechanical 
background 
Senior 
Aerodynamicists: 
Supersonic Aerodynamics, 
includes performance, 
stability and control 
analysis 


ae 


++ - WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 


FAIRCHILD 


GUIDED MISSILES DIVISION WYANDANCH, LONG ISLAND, N.Y. 


A Division of Fairchild Engine and Airplane Corporation 


1956 


Heat Transfer 


Theoretical and Experimental Investj- 
gation of Heat Transfer by Laminar Na. 
tural Convection Between Parallel Plates, 
A. F. Lietzke. U.S., NACA Rep. 1223 
1955. 7 pp. Supt. of Doc., Wash. 
$0.15. Theoretical results presented jp 
the form of equations for the velocity anq 
temperature profiles and the ratio of actual] 
temperature across the fluid to the tem. 
perature drop for pure conduction. Ey. 
perimental results are compared to those 
theoretically obtained on the basis of the 
ratio of actual temperature drop to the 
temperature drop for pure conduction 
Investigation involves parallel walls, simu. 
lated by using an annulus with an inner. 
to-outer diameter ratio near 1 for experi- 
mental work, which are oriented in the di- 
rection of the body force, with one wall 
heated and the other cooled uniformly, 

Theoretical Considerations of Combined 
Thermal and Mass Transfer from a Verti- 
cal Flat Plate. E. V. Somers. J. Appl 
Mech., June, 1956, pp. 295-301. Analysis 
of evaporation and condensation phe- 
nomena associated with free-convective 
thermal and mass transfer from a wetted 
isothermal vertical flat plate to a gas at 
an ambient temperature and mass con- 
centration which differ from those of the 
plate 

Etude Expérimentale de la Convection 
Forcée de la Chaleur 4 Partir de Cylindres 
a Surface Rugueuse. Edmond A. Brun, 
Giovanni Brunello, and Magdeleine Ver- 
notte. France, Min. de l'Air NT 60, 
1956. 33 pp. SDIT, 2 Av. Porte. 
d’Issy, Paris 15, 550 Fr. In French 
Experimental study of the forced heat 
convection on the external surface of cir- 
cular cylinders. 

The Effect on the Local Heat-Transfer 
Coefficient in a Pipe of an Abrupt Dis- 
turbance of the Fluid Flow: Abrupt Con- 
vergence and Divergence of Diameter 
Ratio 2/1. A. J. Ede, C. I. Hislop, and 
R. Morris. Chartered Mech. Engr., June, 
1956, pp. 312-313. Abridged 

A Rapid Analytical Method for Calcu- 
lating the Early Transient Temperature in 
a Composite Slab. W. F. Campbell 
Canada, NRC Div. Mech. Eng. Rep. MT- 
32, Apr., 1956. 74 pp. 19 refs. De- 
scription of a method, based on the analogy 
between the one-dimensional flow of heat 
through a slab and the flow of an electric 
current along a transmission line, which is 
capable of handling many different bound- 
ary conditions. 


Vertical Take-Off 
Aircraft 


VTOL Fixed-Wing Aircraft. Ken $ 
Coward. IAS Natl. Summer Meeting, 
Los Angeles, June 18-21, 1956, Preprint 
642. 11 pp. 10 refs. Members, $0.35; 
nonmembers, $0.75. Results of Army- 
Navy-sponsored research, with details of 
design, operation, feasibility, and appli- 
cations. 

VTOL-STOL Aircraft. II. I—ACom- 
parison Between Pay-Load Capabilities of 
VTOL and Conventional Aircraft. W. Z. 
Stepniewski. II—Propeller-Lifted 
Wing VTOL Aircraft. Joseph Stuart, 3rd. 
III—An Application of the Ducted Pro- 
peller to a VTOL Transport Airplane. 


Jame 
Aug., 
ST 


Army 
1956, 
$0.35 
of 
Army 
clude 
requi 
cific 1 
of he 
and 
areas 
Lif 
as R 
Reth 
Los . 
643. 
mem 
the 
throu 
basec 
uses | 
all je 


« 
é 
/ 
~ 
¥ 
gatio 
of 
critic 
In 
Rati¢ 
Load 
0 
actel 
MA 


Investj- 
nar Na- 
Plates, 
b. 1223, 
Wash. 
nted jn 
‘ity and 
f actual 
he tem- 
n Ex. 
tO those 
s of the 
to the 
duction 
ls, simu- 
inner- 
experi- 
1 the di- 
me wall 
rmly, 
om bined 
a Verti- 
Appl. 
Analysis 
on phe- 
nvective 
i wetted 
a gas at 
ass con- 
e of the 


nvection 
-ylindres 
A. Brun, 
‘ine Ver- 
NT 60, 

Porte- 
French. 
ed heat 
of cir- 


Transfer 
upt Dis- 
upt Con- 
Diameter 
slop, and 
June, 


yr Calcu- 
rature in 
‘ampbell 
MT- 
De- 
e analogy 
v of heat 
n electric 
which is 
it bound- 


Ken 
Meeting, 
Preprint 
rs, $0.35; 
f Army- 
details of 
nd appli- 


A Com- 
bilities of 
t. W.Z. 
Tilt- 
uart, 3rd. 
cted Pro- 
Airplane. 


James A. O'Malley, Jr. 
Aug., 1956, pp. 44-55. 
STOL-VTOL Aircraft in the Air Mobile 


Aero. Eng. Rev., 
15 refs. 


Army. Michael J. Strok. JAS Nail. 
Summer Meeting, Los Angeles, June 18-21, 
1956, Preprint 646. 8 pp. Members, 
$0.35; nonmembers, $0.75. Discussion 
of STOL-VTOL aircraft as part of the 
Army mission in national defense. In- 
cludes definition of an army air vehicle, 
required aircraft landing capabilities, spe- 
cific missions of STOL-VTOL, limitations 
of helicopters, maintenance requirements, 
and suggested research and development 
areas. 

Lift on a Wing in a Propeller Slipstream 
as Related to Low Speed Flight. Scott 
Rethorst. JAS Natl. Summer Meeting, 
Los Angeles, June 18-21, 1956, Preprint 
643. 11 pp. Members, $0.35;  non- 
members, $0.75. Outline of a theory for 
the characteristics of a wing extending 
through a propeller slipstream, which is 
based on lifting surface considerations and 
uses a method of analysis which is valid at 
all jet velocity ratios. 


Water-Borne Aircraft 


A Theoretical and Experimental Investi- 
gation of the Lift and Drag Characteristics 
of Hydrofoils at Subcritical and Super- 
critical Speeds. Kenneth L. Wadlin, 
Charles L. Shuford, Jr., and John R. 


McGehee. U.S., NACA Rep. 1232, 1955. 
22 pp. 16 refs. Supt. of Doc., Wash. 
$0.25. 


Investigation of High Length/Beam 
Ratio Seaplane Hulls with High Beam 
Loadings; Hydrodynamic Stability. XIX 
—The Interaction of the Effects of Fore- 
body Warp, Afterbody Length and After- 
body Angle on Longitudinal Stability Char- 
acteristics. J. K. Friswell. Gt. Brit., 
MAEE Rep. F/Res/255, Sept., 1955. 
45 pp. 18 refs. 


AERONAUTICAL REVIEWS 


Investigation of High Length/Beam 
Ratio Seaplane Hulls with High Beam 
Loadings; Hydrodynamic Stability. 
XXII—Tabulated Test Data. D. M. 
Ridland, J. K. Friswell, and A. G. Kurn. 
Gt. Brit., MAEE Rep. F/Res/262, Sept., 
1955. 106 pp. 

Methods for Reducing Seaplane Take- 
Off Distances to Standard Conditions. 
J. A. Hamilton. Gt. Brit., ARC CP 219 
(Apr., 1954), 1955. 45 pp. BIS, New 
York. $0.81. Development of methods 
for the reduction of seaplane take-off dis- 
tances to standard conditions of weight, 
wind, and ambient temperature. The de- 
rived expressions are applicable to the 
water-borne run and to the air-borne run 
up to 50 ft. height point, and the methods 
are applicable to take-off with simulated 
engine failure. 


Wind Tunnels & 


Research Facilities 


Effect of Wind-Tunnel Contraction on 
Free-Stream Turbulence. Mahinder S. 
Uberoi. (JAS 22nd Annual Meeting, New 
York, Jan. 25-29, 1954, Paper.) J. Aero. 
Sci., Aug., 1956, pp. 754-764. 18 refs. 
Investigation of turbuience in a wind tun- 
nel which shows through the measurement 
of turbulent velocity that the longitudinal 
component decreases and the lateral com- 
ponent increases as the flow accelerates 
through the contraction. 

Tests of Humidity Effects on Flow in a 
Wind Tunnel at Mach Numbers Between 
2.48 and 4. Appendix I—Simplified 
Treatment of the Condensation Shock. 
R. J. Monaghan. Gt. Brit., ARC CP 247 
(Jan., 1955), 1956. 33 pp. BIS, New 
York. $0.90. Measurements of static 
and pitot pressure distribution in the 
working section of a 5- by 5-in. wind tun- 


14] 


nel over ranges of absolute humidity at the 
inlet from 5 X 10-5 to 3 X 107%. 

The ‘Tube’? Wind-Tunnel. H. Lud- 
wieg. (ZFW, No. 3, 1955, pp. 205-216.) 
Gt. Brit., MOS TIB/T4599, Mar., 1956. 
16 pp. Translation. Discussion of meth- 
ods of meeting the requirements in wind 
tunnels at higher Reynolds and Mach 
Numbers, with emphasis on less expensive 
methods using such equipment as shock 
tubes and pressure-accumulator tubes. 

Low Speed Wind Tunnel Calibration of 
a Mk. 9A Pitot-Static Head. J. E. 


Nethaway. Gt. Brit., ARC CP 244 (Mar., 
1955), 1956. 8 pp. BIS, New York. 
$0.27. Results of tests show the vari- 


ation of pitot and static pressure error 
coefficients with incidence, at constant 
tunnel speed. 

Theory, Design, and Performance of a 
420 kw Electrical Heater for Automatic 
Control of Stagnation Temperature in a 
Blow-Down Wind Tunnel. William H. 
Hartwig. U. Tex. DRL Rep. 383 (AF- 
OSR TN 56-163), June, 1956. 89 pp. 
14 refs. Development of an automatic 
feedback control heater using ignition 
tubes to control current in a 3-phase, 440- 
volt circuit for use in a supersonic wind 
tunnel. 

Airflows Studied in Miniature Smoke- 
Jet Wind Tunnels. Aero. Dig., June, 
1956, pp. 35-39. Derivation of funda- 
mental aerodynamic data from Lippisch 
wind tunnels and high-speed cameras 
photographing the time sequence of air- 
flow events. 

Flutter Models and Aircraft Design. 
J. C. A. Baldock. Handley Page Bul., 
Summer, 1956, pp. 14-17. Design and 
construction of models having the same 
aeroelastic properties as the aircraft with 
completely different and simplified struc- 
ture and giving the effects of stiffness or 
mass distribution changes quickly and 
accurately. 


Keep Posted on New Aircraft Products and Product Literature 


Make it a habit to check the Aeronautical Engineering Review's ‘New Products Section’’ every 
month. Located at the end of each issue, it contains a complete review of all recently announced 
new product developments and product literature of special interest to the aeronautical profession. 
Handy tear-out postals are included for your convenience in requesting additional information 
direct from the manufacturers. 


Make It a Habit—Use the “New Products Section’ Every Month 
AERONAUTICAL ENGINEERING REVIEW 


= 

| 
— 
| 
| 


Put yourself in the pilot’s seat of a 
super-speed jet plane landing on the 
deck of an aircraft carrier. It’s an excit- 
ing moment. When you hook the ar- 
resting cable will you stop safely—or 
plunge over the side into the drink? 
To give these cables utmost safety, 
only the finest steel is used in their 
construction. They combine strength 
and resiliency to absorb the shock of 


jet fighters or medium bombers. Special 
cables were developed for this purpose 
by American Steel and Wire Division 
and they have proved highly successful 
in operation. 

Other USS American Aviation Prod- 
ucts include control cables, springs, 
stainless steel, bars, welded fabric for 
airports and Cyclone Fence. Write for 
complete information. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL 
GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN AVIATION PRODUCTS 


U.S. Navy Jet landing on carrier. 
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Aeronautical Reviews 


AERODYNAMICS 


Introduction a l’Etude de la Couche Limite 
(Introduction to Boundary Layer Theory). Ed- 
mond Brun. Paris, Gauthier-Villars, 1955. 
189 pp., figs. Fr. 1845, $5.28. 

This general survey is concerned with boundary 
layer as the basis of such transport phenomena as 
fluid friction, convection, and diffusion. It forms 
a modification of part of the author’s doctorate 
thesis work and his investigations at the Centre 
d'Etudes Supérieures de Mécanique, Sorbonne; 
it is also the first part of his course in aerothermics 
at the Ecole Nationale Supérieure d’ Aéronautique, 
Paris. 

Contents: Chapter (1) Review of Funda- 
mentals; Definitions and General Theorems: 
(la) Dynamic Phenomena; (lb) Thermal Phe- 
nomena. Chapter (2) 


Boundary Layer in a 
Fluid with Constant Physical Properties; The 
Flat Plate in Flow Parallel to its Surface: (2a) 
Dynamic Phenomena; (2b) Thermal Phe- 
nomena. Chapter (3) Boundary Layer in a 
Fluid with Constant Physical Properties: Two- 
or Three-Dimensional Flow: (3a) Dynamic 
Phenomena; (3b) Thermal Phenomena. Chap- 
ter (4) Diffusion Boundary Layer. 
Hydrodynamics. Hugh L. Dryden, Francis 
D. Murnaghan, and H. Bateman. (National 
Research Council, Bulletin 84, 1932.) New 
York, Reprinted by Dover Publications, Inc., 
1956. 234 pp., figs. $2.50. 
COMPUTERS 


National Simulation Conference Proceedings, 
Dallas, Tex., January 19=21, 1956. Sponsored 
by Institute of Radio Engineers, Association for 
Computing Machinery, American Institute of 
Electrical Engineers, and Southern Methodist 
University Department of Electrical Engineer- 


ing. Dallas, Tex., Southern Methodist Uni- 
versity, 1956. 208 pp., illus., diagrs. $5.00. 
Contents: Simulation of Military Vehicle 


Suspension Systems, I. J. Sattinger and E. B. 
Therkelsen. Analog Computer Computation 
of Propellant Linear Burning Rate, Arthur I. 
Rubin. Electric Analogy to Transient Heat 
Conduction in a Medium with Variable Thermal 
Properties, David R. Otis. Application of 
GEDA Analog Computers to Study Temperature 
Transients in a Plastic Windshield, P. J. Her- 
mann. Performance Requirements for Flight 
Tables, H. Elmore Blanton. The Use of the 
Bendix Flight Table, E. J. McGlinn. The De- 
sign of a High Performance Hydraulic Servo, 
M.S. Feder and K. V. Bailey. Flight Simulator 
for Acoustic Homing Torpedoes, C. G. Beatty 
Laboratory Evaluation of Systems Incorporating 
Scanning Reticles, H. H. Kantner and S. H. 
Cameron. Optical Simulation of Radar, Wil- 
liam Blitzstein and Theodore Levine. High 
Accuracy Operational Digital Simulation, Julius 
Tou. Dynamic Tester Tape Preparation on 
ORDVAC, Glenn A. Beck. A Comparative 
Evaluation of Several Methods for Achieving 
Greater Angular Accuracy in Search Radars 
Using Simulation Techniques, Charlton M. 
Walter. The Derivation of Simulators of Gas 
Turbine and Other Physical Systems from Ex- 
Petimental Data, L. Wolin. The Uses of Post- 


Flight Simulation in Missile Flight Analysis, 
Richard G. Davis. Substitution Methods for the 
Verification of Analog Computer Solutions, Hans 
F. Meissinger. Analog Computer Prepatch 
Logic Using Sub-Routines, W. J. Wachter. An 
Approach to Digital Simulation, Max Palevsky. 
The Simulation of a Digital Differential Analyzer 
on the IBM 701, B. M. Tostanoski, C. J. Hoppel, 
and M. M. Dickinson. The Simulation of a Pro- 
posed Airborne Digital Computer on the IBM 
701, J. R. Belford and M. E. Maron. A Simu- 
lator for Analysis of Sampled Data Control 
Systems. P. K. Giloth. General Evaluation of a 
linear Time-Variant System, John M. Gal- 
lagher, Jr. Design of a Non-Linear Control 
System with Random Disturbances, Kenneth 
B. Tuttle. Time Domain Network Synthesis for 
an Analog Computer Setup, Joseph Otterman. 
Simulation of Dead Time, Norman L. Irvine. A 
Simulation System for the Study of Human 
Dynamics, John M. Stroud. The Applied Sys- 
tems Development and Evaluation Center at the 
Navy Electronics Laboratory, Richard Coburn 
An Analog Computer for Radioactive Fallout 
Prediction, H. K. Skramstad and J. H. Wright. 


An Exponential-Process Analyzer and Syn- 
thesizer, J. Ross Macdonald. The Gated Ampli- 
fier Computer Technique, Sidney Godet. A 


Wide-Band Direct-Coupled Operational Ampli- 
fier, C. Scott Deering. An Improved Diode 
Function Generator for Analog Computers, 
Robert A. Bruns. Use of Semi-Conducting 
Surfaces in Analog Function Generation, Vernon 
L. Larrowe and Margaret M. Spencer. Repeat- 
able Generation of Noise with a Masked Cathode 
Ray Tube, L. B. Wadel, C. C. Calvin, and J. W. 
Atkins. A Comparison of Diode Switching 
Methods for Analog Function Generators, Otis 
L. Updike and John H. McLeod, Jr. 


ELECTRONICS 


NEL Reliability Bibliography. Compiled by 
W. E. Jorgensen, I. G. Carlson, and C. G. Gros. 
San Diego, U.S. Navy Electronics Laboratory, 
May 1956. 101 pp. 

The U.S. Navy Electronics Laboratory has 
issued this bibliography as part of the program 
to ensure that reliability is given more considera- 
tion in the design and production of electronic 
equipment. The material consists of publica- 
tions issued since 1950, and these are listed under 
the following subject headings: (1) Circuit 
Design, (2) Components, (3) Electron Tubes, (4) 
Failure Analysis, (5) General, (6) Human Engi- 
neering, (7) Maintenance, (8) Mechanical De- 
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sign, (9) Systems, (10) Testing. Entries in the 
bibliography are by title and contain the author, 
source of the reference, and the date. Each of the 
404 references contains a brief abstract of about 
100 words. The items are printed four to a sheet 
within ruled lines so that they may be cut out to 
form individual references, each on a 3- by 5-in. 
card size. Thus the bibliography may be kept 
on sheets and filed under subject groupings in a 
looseleaf notebook or cut into card size to provide 
a flexible card catalog with appropriate cross 
references by author, source, title, or subject. 

Handbook: Preferred Circuits, Navy Aero- 
nautical Electronic Equipment. Prepared by 
National Bureau of Standards for Bureau of 
Aeronautics, Department of the Navy. (NAV- 
AER 16-1-519). Washington, U.S. Government 
Printing Office, September 1,,1955. 184 pp., 
diagrs. $1.75. 

The purpose of the Preferred Circuits Manual 
is to encourage better engineering practice in the 
design of circuits for military electronic equip- 
ment. Preliminary studies sponsored by the 
Bureau of Aeronautics indicate that a high per- 
centage of circuit functions are subject to stand- 
ardization while still retaining the desired flexi- 
bility of equipment performance. The manual 
may be considered as a compilation of good design 
practice, not toward the limiting of effort in cir- 
cuit design but as a standard against which true 
progress in circuit design may be measured 
Although there is no current plan for issuing a 
military specification covering its use, the em- 
ployment of the Preferred Circuits Manual is 
recommended as a guide in designing Navy aero- 
nautical equipment. To achieve flexibility, the 
manual is arranged by preferred circuit numbers. 
The circuit is given first with its characteristics 
and other information enabiing the engineer to 
select and construct the circuit. Successive 
pages carry a discussion, giving more informa- 
tion on use and design methods. For the de- 
signer whose interest extends beyond an immedi- 
ate design problem, the steps which led to each 
preferred circuit are summarized in Part 2, ‘‘Notes 
to the Preferred Circuits Manual.’’ The several 
steps covered with varying emphasis are (1) 
examples taken from an experimental survey, (2) 
a brief discussion of major differences and simi- 
larities in the several examples, (3) a summary of 
ranges of performance required, and (4) a pres- 
entation of design considerations too extensive 
to be included in the ‘‘ Preferred Circuits Manual.” 

Proceedings of the Second Conference on 
Radio Interference Reduction, Chicago, March 
6-7, 1956. Sponsored by Armour Research 
Foundation of Illinois Institute of Technology. 
Chicago, Armour Research Foundation, 1956 
368 pp., illus, diagrs., tables. $6.00. 

Contents: Keeping Pace with Weapons De- 
velopment, J. W. Klotz. Interference Suppres- 
siou for Air Force Ground Electronic-Communica- 
tions Equipment, J. Berliner and R. Powers 
Interference Suppression for Air Force Airborne 
Electronic Communications Equipment, N. D. 
Flinn. Administration of the Army Radio Inter- 
ference Program, E. V. Kavanaugh. The 
Bureau of Aeronautics Radio Interference Con- 
trol Program, R. A. Schaller. Administration 
of the Bureau of Ships Interference Reduction 


> 
| 
| 
| 
| 
| 
| 
| 
| 
= 


144 AERONAUTICAL ENGINEERING REVIEW—SEPTEMBER, 


Just off the presses! 


(1) MOLECULAR FLOW OF GASES 

By G. N. PATTERSON, University of Toronto. 
This especially timely work presents a new approach to fluid mechanics based on the 
molecular concept of a gas. The material extends from the mechanics of rarefied 
gases to the relaxation and dissociation effects associated with strong shock waves. 


Subjects covered include: the fundamental equations; isentropic flow; basic equations 
for nonisentropic flow; nonisentropic flows; and mechanics of rarefied gases. The 
appendix includes mathematical aids which will prove of great value in connection 
with the subjects presented. 

1956 217 pages Illus $7.50 


(2) THE ANALYSIS OF STRUCTURES 
Based on the minimal principles and the principle of virtual displacements 
By N. J. HOFF, Polytechnic Institute of Brooklyn 
This book presents structural analysis as a unified theory based on a very small number 
of first assumptions. This unification is attempted from the viewpoint of the principle 
of virtual displacements. A second purpose of this treatment is to develop the minimal 
principles of structural] theory so vitally important to practicing engineers. Also 
contains a thorough discussion of buckling phenomena 
1956 493 pages Illus 


(3) AN INTRODUCTION TO THE THEORY OF AEROELASTICITY 

By Y. C. FUNG, California Institute of Technology 
Gets at the underlying basis of aeroelastic analysis. First part deals with shedding of 
vortices, oscillation of cylindrical structures, flutter of suspension bridges, wing 
divergence, gusts, buffeting, stall flutter, and many other important subjects. The 
second section presents the fundamentals of non-stationary airfoil theory and reviews 
experimental results. Contains an important bibliography 

A publication in Wiley’s Galcit Aeronautical Series 


1955 490 pages Illus 


$9.50 


$10.50 


(4) THEORY AND PRACTICE OF LUBRICATION FOR ENGINEERS 
By D. D. FULLER, Columbia University and The Franklin Institute 
All the engineer needs to know about lubrication from the theoretical framework to 
practical application. Includes designs for an impressively wide variety of bearings, and 
for bearings made of all materials, from soft rubber and wood even to ceramics and glass. 


1956 432 pages Illus. $10.50 
(5) PRACTICAL SOLUTION OF TORSIONAL VIBRATION PROBLEMS 


Volume I: Frequency Calculations 
Third Edition 
By W. KER WILSON 
This comprehensive treatment is written in a form suitable for everyday reference. 
Much of the material on geared systems and systems containing distributed masses is 
new in this edition. The effective inertia method for determining natural frequencies 
is discussed in detail. The application of this method in cases of coupled vibration is 
fully covered. The mathematical treatment is simple, and there is an abundance of 
examples from current engineering practice. 
1956 704 pages Illus $16.00 


(6) TECHNICAL PUBLICATIONS 
Their Purpose, Preparation, and Production 
By C. BAKER, A.R. Ae. S. 
Shows how to present, write, illustrate, and produce all kinds of technical publications 
on all subjects, from the simply duplicated small run to large printed editions. 


1955 302 pages Illus $6.25 


Mail this coupon today for your ON-APPROVAL copies 


JOHN WILEY & SONS, Inc. AE-66 
440 Fourth Ave., New York 16, N. Y. 


Please send me the book(s) circled to read and examine ON APPROVAL. In 10 days I will 
return the book (s) and owe nothing, or will remit the full purchase price(s), plus postage. 


1 2 3 4 5 6 
Name 
Address ~ 
City Zone State 


( ) SAVE POSTAGE! Check here if you ENCLOSE payment, in which case we pay postage 
Same return privilege; refund guaranteed. 
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Program, L. W. Thomas. Radio Interference 
Problems on the P5M Aircraft, R. Wolfe and J 
Pniewski. Control of Radio Interference from 
Medical Electronic Equipment, H. M. Sachs 
and A. L. Albin. Radio Interference Contro| 
as Applied to Business Machines, J. M. Sarley 
and R. J. Hendery Some Field Equipment 
Problems in Radio Interterence Suppression 
D. B. Wright. A Private Rogues’ Gallery of 
Radio Interference Sources, R B. Schulz 
Transmitter-Receiver System Parameters, D 
Waddington. Evaluation of Interference Effects 
on Speech Communication, K. Ikrath and A. q 
Gottfried. UHF Interference, R. Engels and J 
Augustine. An Investigation of Fundamental 
Circuit Factors which Influence the Generation 
of Spurious Radiation, F. J. Morris, B. W. Fain. 
S. L. Brown, and P. G. Varlashkin Electronic 
Gate Rejection of Interference Signals, M. M 
Newman. The Federal Communications Com. 
mission and the Control of Radio Interference, 
W. C. Boese and H. Garlan 
of the Tri-Service Interference Study, A. L 


Recommendations 


Albin. Radio Interference Problems on the 
B-57, V. C. Plantz and L. C. Simms. Armored 
Versus Unarmored Cable for Wood Hull Ships 
G. C. Rees and R. W. Fairweather. Radar to 
Radar Interference, M. Morelli and J. Molnar 
An Investigation of Radar-Generated _Inter- 
ference, L. Valcik and P. C. Yuen. Multiple 
Resonances and their Effect on Spurious Radia- 
tion and Spurious Responses, S. L. Brown, P.G 
Varlashkin, and F. J. Morris. Systems Evalua- 
tion—Telemetry and Drone Control, W. H 
Fickes. IF Amplifiers for Radio Interference 
and Field Strength Measuring Equipment, P. C 
Hayden and R. G. Rullman. A New Peak 
VTVM for Interference Measuring Sets, A. R 
Koelle and G. D. Johnson, Jr Simplified Pro- 
duction Testing for Broad-Band Radio Inter- 
ference Using the AN/URM-37, C. S. Vasaka 
Research Investigations of the Radio Frequency 
Shielding Effectiveness of Screening Materials 
E. R. Radford. Reduction of Power Line Radio 
Interference, J. C. Senn. The Lossy Transmis 
sion Line Filter, S. L. Shive 

Proceedings of the Conference on Radio Inter- 
ference Reduction; Held at Armour Research 
Foundation of Illinois Institute of Technology 
Chicago, December 7-8, 1954. Sponsored by 
Signal Corps Engineering Laboratories, Wright 
Air Development Center, and Navy Bureau of 
Aeronautics 
dation, 1954 

Contents 
A. L. Albin 

Practical Suppression Techniques 


Chicago, Armour Research Foun 
352 pp., illus., diagrs 


Tri-Service Interference Survey 


Vehicular 

Control 
of Radio Influence Voltage in DC Rotating 
Electrical Machines, D. P. Motter 
Electronic and Electrical Installation Methods 
for Reduction of Electronic Interference, D. J 
Jobe 


Radio Noise Suppression, B. H. Short 


Shipboard 


Problems of Radio Inter 
ference Measurements, W. Jarva 


Measurements I 
Instrumenta- 
tion for Interference and Field Strength Measure 
ment, J. F. Chappell 
of Interference Measuring Instruments, R. M 
Showers and A. Eckersley 


Research Investigations 


Design Techniques I (Aircraft Problems in 
Shielding Electronic Equipment, C. S. Vasaka 
Reduction of Corona Type Interference, M. M 
Newman, J. D. Robb, and J. R. Stahmann 
Audio Frequency Interference Considerations 10 
Aircraft Electronic System Design, G. A. Me 
Henry Interference Considerations in Aircraft 
Antenna Systems, R. L. Hensell 
Measurements II: A Method of Making 
Screen Room Interference Measurements, K. E 
Mortenson and C. J. Truax. Broadband Ab 
sorbent Material for Use in Microwave Dark- 
rooms, R. W. Wright and W. H 
Counter Techniques in Interference Measure 
ments, M. M. Newman and J. R. Stahmano 
Impulse Spectrum Analysis for Calibration of 


Emerson 


Impulse Noise Generators, S. Sabaroff 

Design Techniques II Interference Con- 
siderations in Design of Communications Re 
ceivers, S. J. Burruano. Contact Noise and 
Problems of Its Suppression. G. E. Stannard and 
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ENGINEERS... 


\ 3 Will your income and location 

allow you to live in a home 

like this...spend your 
leisure time like this2 


Take that ten year ahead look. There’s 
a fine career opportunity in the engi- 
neering field you like best waiting for 
you at Douglas. 

And what about the Douglas Aircraft 
Company? It’s the biggest, most suc- 
cessful, most stable unit in one of the 
fastest growing industries in the world. 
It has giant military contracts involv- 
ing some of the most exciting projects 
ever conceived...yet its commercial 
business is greater than that of any 
other aviation company. 

The Douglas Company’s size and 
variety mean that you'll be in the 


DOUGLAS 


LOOK TEN YEARS AHEAD: 


” They can...if you start your 
career now at Douglas! 


A Douglas engineer lives here 


work you like best —side by side with 
the men who have engineered the finest 
aircraft and missiles on the American 
scene today. And you'll have every 
prospect that ten years from now you'll 
be where you want to be career-wise, 
money-wise and location-wise. 
For further information about opportunities 
with Douglas at Santa Monica, El Segundo and 
Long Beach, California and Tulsa, Oklahoma, 
write today to: 
DOUGLAS AIRCRAFT COMPANY, 
C. C. LaVene, 3000 Ocean Park Blvd. 


Santa Monica, 


INC, 


California 


First in Aviation 
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R. H. Krackhardt. Radar Mvudulator Suppres 
sion—Cabinet Aperture Leakage, J. P. Quine 
and H. Q. Totten. Receiver Susceptibility to 
RF Pulse Interference, F. Haber 

Measurements III: Harmonic and Spurious 
Energy Measurements in High Power Trans- 
mitters, I. Joffe. Bridged-T Technique for the 
Measurement of Spurious Radiation, F. J 
Morris, B. W. Fain, H. P. Deinken, and P. G 
Varlashkin. Techniques for the Measurement of 
Spurious Radiations and Harmonics from Trans 
mitters, W. Jarva 

Components: Low-Impedance Gaskets for 
Radio-Frequency Applications, V. Pulsifer and 
A. J. Hoehn. Suppression Capacitors, S. L. 
Shive. High-Performance Antenna Wave Filters 
for Radio Interference Suppression, M. K. 
joldstein. Propagation and Antenna Con- 
siderations in the Prediction of Man-Made 
Interference, C. Polk. 

Precision Electrical Measurements; An Inter 
national Symposium, National Physical Labora- 
tory, Teddington, Middlesex, November 17-20, 
1954. New York, Philosophical Library, 1956. 
322 pp., illus., diagrs. $12. 

Contents: (1) Precision Measurements of 
Dielectric Constant, L. Hartshorn. (2) The 
Measurement of the Permittivity and Power 
Factor of Ordinary Solid and Liquid Dielectrics, 
E. Rushton and J. V. L. Parry. (3) Measure- 
ment of Dielectric and Magnetic Properties of 
Solids at Microwave Frequencies, M. Gevers 
(4) A Precision Dual Admittance Bridge for the 
Range 3 Mc/s to 300 Mc/s, D. Woods. (5) A 
Bridge for the Measurement of the Admittance 
of Electrical Insulation at Very Low Frequencies, 
G. Mole and D. C. G. Smith. (6) Standard 
Methods for the Determination of Magnetization 
Curves, and Their Limitations, C. E. Webb. 
(7) Inductance Standards and the Calibration of 
Search Coils, G. H. Rayner. (8) Nuclear Mag 
netic Resonance and the Measurement of Mag- 
netic Fields, R. L. Driscoll. (9) A Battery- 
Operated Magnetometer, T. M. Palmer. (10) A 
Radio-Frequency Permeameter, P. H. Haas 
(11) Bridge Methods for Measurement of Mag- 
netic Materials at Communication Frequencies, 
A. C. Lynch. (12) The Stabilization of A.C 
Power Supplies Derived from Rotating Ma- 
chinery, E. V. Hamon. (13) Primary Standard 
Wattmeters, O. Brune and J. W. Whittaker. 
(14) Alloys for Precision Resistors, C. Paterson 
(15) Electrothermic Instruments for the Measure- 
ment of Alternating Current and Voltage, F. L 
Hermach. (16) Measurement of Power at 
Audio-Frequencies, with Special Reference to 
the Equipment at the National Physical Labora 
tory for Calibrating Wattmeters, A. H. M 
Arnold. (17) Measurements of Alternating and 
Direct Voltages with Special Reference to Abso- 
lute Methods, G. W. Bowdler. (18) Measure- 
ment of Impulse Voltages and Currents, P. R. 
Howard. (19) Compressed Gas Capacitors as 
Loss-Free Standards for High-Tension Measure 
ments, A. Keller 20) High-Voltage Measure- 
ment by Sphere-Gaps, F. S. Edwards. (21) A 
General Survey of Testing Techniques with High 
Impulse Voltages, W. G. Standring. (22) The 
Technique and Requirement of Impulse Gen 
erator Circuits, N. Hylten-Cavallius. (23) Im- 
pulse Testing of Transformers with Special 
Reference to Failure Detection, G. H. Hickling 
(24) Transformer Impulse Tests with Special 
Reference to Fault Detection Requiring the 
Interpretation of Small Irregularities in Oscillo- 
grams, J. Neuve-Eglise. (25) Testing of Trans 
formers with Special Reference to the Assess- 
ment of the Results of Such Tests, P. G. Provoost 
(26) The Measurement of the Impulse Break- 
down Strength of High-Voltage Cables, B. Sal- 
vage 

Modern Oscilloscopes and Their Uses. Jacob 
H. Ruiter, Jr. Rev. Ed. New York, Rinehart 
& Company, Inc., 1955. 346 pp., illus., diagrs., 
tables. $6.50 

This revised edition of a work which first 
appeared in 1949 will give the student, tech- 
nician, and researcher the latest information on 
oscilloscopes. In addition to material on the 
application of the oscilloscope in shop, laboratory, 


and classroom, a chapter on the photography of 
patterns on the cathode-ray tube, a description of 
auxiliary equipment, and information on the 
manifold uses of the oscilloscope, there is a new 
chapter on Quantitative Measurements. The 
author is Manager, Advertising and Promotion 
Allen B. DuMont Laboratories, Inc 

The Changing Universe. John Pfeiffer. New 
York, Random House, 1956. 243 pp., illus 
$4.75 

Cosmic exploration through the use of enormous 
radio telescopes has opened up vast areas of the 
universe to systematic continuous examination 
Celestial formations not discernible with optical 
instruments have been detected, and many new 
facts relating to familiar objects have been har- 
vested by these new devices through their capture 
of radio waves emitted from regions in extrater- 
restrial space. Mr. Pfeiffer introduces the reader 
to the founders of the new science of radio 
astronomy and describes current and proposed 
research by leading astronomical and electronic 
engineering groups throughout the world 

Contents 1) Broadcasts from Space. (2) 
Exploring the Radio Sky. (3) Tuning in on the 
Stars. (4) Listening to the Solar System. (5) 
The Sun in Action. (6) Among the Constella- 
tions. (7) Beyond the Milky Way. (8) Map- 
ping New Skies. (9) Mysterious Signals. (10) 
Raw Material of the Universe. (11) Exploring 
Our Galaxy 12) Inside the Spiral Arms. (13) 
Radar Astronomy (14) The Future 


MANPOWER 


Engineering and Scientific Manpower in the 
United States, Western Europe, and Soviet 
Russia. (U.S. 84th Con- 
gress, 2nd Session.) Printed for the use of the 
Joint Committee on Atomic Energy. Washing- 
ton, U.S. Government Printing Office, 1956. 86 
pp., diagrs., tables. $0.25. 

It was the suggestion of Mr. Melvin Price, 
Chairman, Subcommittee on Research and De 
velopment, that the Government, business cor 
porations, and universities should initiate a 


Harris Collingwood. 


‘crash program’’ to increase swiftly and steadily 
the number of adequately trained American scien 
tists and engineers. At his request, Mr. Harris 
Collingwood, of the Library of Congress staff 
undertook this study which is based on authentic 
documents and reports. It contrasts the results 
of the enormous effort by the Russians in the 
training of engineers and scientists with the 
effects of our own effort in this area. In terms 
of the three great political areas mentioned in the 
title of the report, the problem is considered in 
terms of the present availability of scientists and 
engineers and the backlog of trained individuals 
now active in the economy of the various coun- 
tries, the numbers being graduated from the uni- 
versities and colleges, the characteristics of the 
educational preparation in the several countries, 
and the extent to which high schools and other 
secondary schools are preparing young people for 
university and college work basic to engineering 
and scientific careers 

The Growing Shortage of Scientists and Engi- 
neers; Proceedings of the Sixth Thomas Alva 
Edison Foundation Institute, November 21-22, 
1955. New York, New York University Press 
1956 132 pp $4.00 

Contents rhe Manpower Situation in Engi 
neering and Science, Henry H. Armsby Free 
dom’s Need for the Trained Man, Lewis L 
Strauss. Manpower Policy and the Efficiency 
of Utilization of Scientists and Engineers (Panel 
Discussion rhe Problem: Its 
and What Is Being Done (Panel Discussion) 
An Inventor Looks at Education, Charles F 
Kettering Encouraging Scientific Talent (Panel 
Discussion 


Dimensions 


Engineering and Scientific Educa 
tion, Hyman G 
of the Quality of Science Teaching (Panel Dis 
cussion) What are the Failures of Science 


Rickover. The Improvement 


Education in America (Panel Discussion) 


MATERIALS 


Résistance des Matériaux, Théorique et Ex- 
périmentale; Tome 1, Théorie de 1’Elasticité et 


1956 


des Structures Elastique (Resistance of Ma. 
terials, Theoretical and Experimental; Vol. 1, 
Theory of Elasticity and Elastic Structures), 
Robert L’Hermite. Paris, Dunod, 1954. 869 
pp., figs. Fr. 8,400. In French 

The present work, which is based on a survey 
of the literature, is the first of a series of four 
volumes offering a comprehensive survey of 
theory and methods of calculation in the re. 
sistance of materials. Volume 1 of the com. 
pendium is concerned with the theories of elas. 
ticity and elastic structures, Volume 2 is to be 
concerned with stability, yielding, and plasticity, 
Volume 3 with the mechanics of materials, and 
Volume 4 with dynamic phenomena, shock and 
vibration, combined materials, composite struc. 
tures, statistics, and safety. According to plan, 
in each chapter the basic principles of the sub. 
ject are treated first; then particular cases and 
various methods of treatment are analyzed, and 
practical results are presented in figures and 
tables. Reference features include annotated 
bibliographies (in addition to footnote references) 
and subject and author indexes. The author is 
Director of the French Laboratories of Building 
and Public Works. 

Contents: (1) Theory of Elasticity. (2) 
Elasticity of Systems in Two Dimensions (Plane 
Elasticity). (3) Internal Equilibrium of Bodies 
(By Median Fibers): Tension and Flexure 
(4) Internal Equilibrium of Bodies (By Median 
Fibers): Torsion. (5) Theory of Isostatic 
Structures: Statically Determinate Straight, 
Curved, or Jointed Parts. (6) Theory of Hyper- 
static (Statically Indeterminate) Structures; 
Straight Beams and Beam Systems. (7) Theory 
of Hyperstatic (Statically Indeterminate) Struc- 
tures: Curved Beams, Arches, and Portal Frames: 
Three-Dimensional Structures. (8) Flexed Plates 
and Slabs. (9) Shells. (10) Critique and Sum- 
mary. 


MECHANICS 


The Principles of Mechanics, Presented in a 
New Form. Heinrich Hertz. Preface by H. Von 
Helmholtz; Authorized English Translation by 
D. E. Jones and J. T. Walley; With a New 
Introduction by Robert S. Cohen. New York, 
Dover Publications, Inc., 1956. 271 pp. $1.75. 

A reprint of the 1899 edition. Attempts to 
provide a rigorous formulation of the principles 
of mechanics, not in terms of energy or force as 
in previous systems, but in terms of space, time, 
and mass 


MILITARY AVIATION 


Soviet Air Power; with Supplement. Richard 
E. Stockwell. New York, Pageant Press, Inc 
1956. 238 pp., illus., maps 
Volume: 13 folding charts 


Supplementary 
$7.50 the set 

This work by the former editor of Aviation Age 
chronicles the growth of Russian air power from 
the early 1900’s to the present The opening 
chapters portray the accomplishments of such 
leading designers and engineers as Tupolev 
Ilyushin, Lavochkin, Mikoyan, and Yakovlev as 
well as the production methods developed under 
successive Soviet Five-Year Plans. The per 
formance of Russian aircraft against the Luft 
waffle in World War II is recounted, and postwar 
technological advances in air-frame design and 
power plants are described in some detail. Credit 
for much of the progression in these fields is laid 
by the author to German scientists and tech- 
nicians, but equal credit is given to the aircraft 
production methods of the Russians and to the 
emphasis they place on simplicity of preliminary 
design. The Soviet military structure, particu 
larly the six separate air arms controlled by the 
Ministry of Defense, is examined by Mr. Stock- 
well, as are the air forces and civil air fleets mait- 
tained by the satellite nations of the West and by 
Communist China. Special attention is to 
The sup 


plement supplies detailed data on 70 aircraft and 


Russian guided-missile development 


55 turbojet, turboprop, and rocket engines cur- 
rently in production or undergoing test. I0- 
cluded are maps of Russian aircraft productioa 


centers, long-range bomber bases, missile test 
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A jet fitted with Autonerties Flight Test equipment shoots smoke puffs from wingtip pods to create aerial markers for checking control systems’ accuracy. 


Autonetics’ “flying laboratories” 
spearhead electro-mechanical breakthroughs 


Before major battles can be won in the development 
of automatic control systems, much scientific recon- 
naissance must take place high in the air. 

\uTONETICS Flight Test Section is uniquely 
equipped to do this job—in all phases of systems 
development, whether the projects are fresh from the 
laboratory or in final performance evaluation. Using 
probably the largest fleet of test vehicles in the indus- 
try. Flight Test experts extend AUTONETICS’ engineer- 
ing into the elements...at altitudes, speeds and 
extreme conditions that are dress rehearsals of pos- 
sible future situations. 

Keeping accurate, automatic records of systems 
perform nce during these live tests is another great 
challenge. Since the best available recording equip- 
ment is usually less accurate than the system being 
tested, extraordinary custom-engineering is required. 
For example, normal instrumentation recording set- 
ups usually contain a percentage of error. and the 
data on these systems must be gathered to such 
AUTOMATIC 


SON TH .MAN 


accuracy that new and specialized techniques and 
equipment are necessary. These electronic refinements 
are designed and built right on the spot at AuTo- 
NETICS’ Flight Test, assuring hitherto unknown 
degrees of precision. 

In 10 years AUTONETICS has achieved full capa- 
bility in research. development, design, manufacture 
and test of complete systems in information process- 
ing, inertial navigation, flight controls, weapons direc- 
tor controls, computers and other special products. 

For more detailed information, or for employment 
in any one of these fields, please write : AUTONETICS, 
Dept. AER-N4, 12214 Lakewood Blvd., Downey, 


California. 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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ENGINEERS, 


Aerodynamics & Propulsion 


[If you can do 
original work 


. you should consider The Johns Hopkins University Applied 
Physics Laboratory (APL), where creative ideas are recognized and 
supported. 


The Laboratory is primarily concerned with research, development 
and engineering of guided missiles and missile systems. A sizable pro- 
gram of fundamental research is concurrently in progress. 


APL is responsible for technical direction of the Navy’s Bumblebee 
guided missile program. As pioneers in guided supersonic flight, APL 
developments include the first supersonic ramjet, and the missiles 
TERRIER, TALOS, and TARTAR. The Laboratory presently is 
engaged in further development of these and more advanced missiles. 


An organization of and for scientists and engineers, APL’s staff of 
1200 includes nearly 500 professional men. Two features distinguish 
the organization: (1) the self-dependence of staff members who work 
in an atmosphere of free inquiry and are unhampered by the usual ad- 
ministrative details, (2) the fluidity of relationships among the groups 
engaged in the many areas of technical endeavor 


Problems are attacked by teams, each composed of members drawn 
from all requisite professions. A close contact between research and 
engineering is maintained. This team approach allows each staff mem- 
ber to acquire broad knowledge of the problem under attack, find his 
creativity heightened and supported. Salaries are comparable to those 
of other R & D organizations in the missile field. Relocation expenses 
are paid for applicants selected. 


Our new air-conditioned laboratories are exceptionally well 
equipped. Their location in the Washington D.C.-Baltimore periphery 
places staff members near fine housing in all price ranges and near recre- 
ational and cultural facilities. Several excellent universities in the area 
make it convenient for staff members to avail themselves of our liberal 
educational benefits. 


OPENINGS EXIST IN: 
DEVELOPMENT: 


design; preliminary design and wind-tunnel testing 


RESEARCH: 


aerodynamics; hypersonics, turbulence, shock wave phenomena; com- 


Stability and control analysis; ramjet engine 
Interference and heat transfer phenomena; internal 


bustion. 


For Additional information write: Professional Staff Appointments 


The Johns Hopkins University 


Applied r hysics Lab oratory 


8605 Georgia Avenue, Silver Spring, Md. 


centers and launching sites. and the pr 


principal 
air routes within the Soviet Union Che text 
includes a bibliography of books and periodicals 
surveyed for relevant material and closes with 
illustrations of the leading types of jet aircraft 


operational with the Soviet air forces 
General View of Japanese Military Aircraft 
in the Pacific War. 


Japanese text with separate English tran 


Kazuo Baba, Chief Editor 


ation 
lokyo, Kantosha Company Ltd Hampton 
Bays, N.Y., Hampton Books, 1955 2 Vols 
324, 190 pp., illus diagrs folding charts 
$6.35 the set 
rhe combat records and constructior 


of 100 Japanese Army, Navy, and experime 


aircraft are listed in this volume vith supple 
mentary notes relating to their operational per 
formance, to engine and air-frame development 
and to wartime production schedules in the home 
islands. Much of the text is devoted to a de 
scription oi aerody namic feature irmament 
capacity, equipment, and continual remodifica 


tion of front-line and home detense aircraft 
Numerous photographs and three-view illustra 
tions accompany the text Included in the table 
of contents are the Japanese name, code name 
type symbol, and the Allied code name for all the 
aircraft appearing in this book rhe tactical 
considerations underlying the development of 
each type are discussed, particularly in the sec 
tion on experimental aircraft, and much informa 


tion is given on prototypes and power plants 


remaining uncompleted at the time Japan's 
surrender to the Allied Powers 
MISSILES 
Guided Missiles in War and Peace. Nels A 
Parson, Jr. Cambridge, Mass., Harvard Uni- 
versity Press, 1956. 161 pp illus., diagrs., 
bibliog $3.50 


Written by a professional Army officer, this 
volume is a critique of the impact of guided 
missiles upon military operations he employ 
ment of the new weapon in aerial, naval, and 
land combat is discussed without regard for the 
present organizational structure of the Armed 
Forces of the United States and presents the 
author's personal conclusions with respect to the 
integration of guided missiles into combat units 
of the future 


Contents (1) Your Acquaintance Is Inevita 


ble. (2) Why Guided Missiles? From Wan 
Hu to von Braun. (4) How They Fly 5) 
Guided and Misguided 6) Flying Cuspidors 
and Stovepipes. (7) Air Warfare with Guided 
Missiles (8) Guided-Missile Navies 4 
Guided Missiles in Land Warfare 0) Missiles 


of Peace References 


PHYSICS 


Astrophysical Quantities. C. W. Allen. Lon 
don, University of London, The Athlone Press 
New York, John de Graff, Inc., 1955 
tables. $10 

In this volume, the Perrin Professor of As 
tronomy at the University of London has as 
sembled in tabular form the experimental and 
theoretical values, constants, and conversion 
factors that are fundamental to the science of 
astrophysics. The opening chapter are de 
voted to the enumeration of physical data in 
cluding general mathematical and astronomical 
constants, units of measurements, atomic weights 


numbers and functions, spectroscopic term 
nology, and line intensities and radiation emission 
In view of the oncoming International Geophysi 
cal Year, much of the data concerning the 
Earth will be of particular interest These in 
clude atmospheric standards iriation of 


meteorological quantities with latitude, distr 


bution of earth atmosphere with height, atmos 
pheric refraction and air path, and absorp 
tion of gases. Additional tables quote values for 
atmospheric electricity and ozone density as well 
as night sky illumination factor ind relevant 


ionospheric and geomagnetic constants. The 
chapters on the solar system furnish data on the 
structures, atmospheres, variation and orbits 


of the earth, sun, planets, satellites, and comets 
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ENGINEERS 


Aeronautical Mechanical 


AIR DESIGN MANAGER 


This is an extraordinary opportunity for you to 
obtain the exceptional professional advantages 
of a key engineering management spot in 
advanced flight propulsion—plus the personal 
benefits available to members of General Elec- 
tric’s Jet and Rocket Engine Center. 


As a candidate you should have a BSAE or 
BSME degree, a thorough understanding of 
evaluation and programming, experience in 
manufacturing organization, and experience or 
training in management. 


This premium position entails responsibility for 
planning, organizing, integrating and evaluating 
Engineering Section activities regarding: aero- 
dynamic and thermodynamic design of compres- 
sors, turbines, augmentors, nozzles and other 
jet engine parts; and cycle analysis and _ per- 
formance bulletins for present and proposed 
engines. 


Send resume in confidence to: 
Mr. Mark Peters, Dept. 8-13 
Technical Personnel, Bldg. 100 
Aircraft Gas Turbine Division 


GENERAL ELECTRIC 


Cincinnati 15, Ohio 


PHYSICIST 


We have an exceptional position open for a Gas Dynamist 
capable of working in both the theoretical and experimental 
aspects of transient phenomena, such as shock and blast waves. 
We prefer a man with a M.S. degree in Physics and some ex- 
perience in Gas Dynamics. This position offers an opportunity 
to use your initiative and creative ability. Many liberal em- 


ployee benefits including tuition-free graduate study. Please 
send resume to: 


Mr. J. A. Metzger 
ARMOUR RESEARCH FOUNDATION 


of 
Illinois Institute of Technology 


10 West 35th Street 
Chicago, Illinois 
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STAINLESS STEEL 


HOSE CLAMPS 


Meet Current Military 
Specifications 


Dependability in Hose Clamps 
for over a Quarter of a Century 


Type WWD-LS Type FBSS 


Write for Catalog 


WITTEK Manufacturing Co. 


Ww. 
Chicago 23, Illinois 


VTOL 
AERONAUTICAL ENGINEERS 


Unusually interesting design and development positions 
available in: 
AERODYNAMICS 


STRUCTURAL DESIGN 
| STRESS ANALYSIS 

| 


MECHANICAL DESIGN 
ENGINEERING DRAFTSMAN 
For immediate work on New Prime VT OL Aircraft 
Development Program. 
Send resume to: 
DOAK AIRCRAFT CO., INC. 
22309 South Western Avenue 
Torrance, California 
Attn: Mr. N. E. Nelson, Chief Engineer 


DOAK AIRCRAFT CO., INC. 


Sales Engineering Representation 


george e. harris & co. inc. 
3241 E. DOUGLAS AVE. 
WICHITA, KANSAS 


SEATTLE, KANSAS CITY, MO., DALLAS, DENVER, 


ST. LOUIS, CEDAR RAPIDS, FT. WORTH 


WITTEK 
_ 
f 
_ 
Type WWD 
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ENGINEERING 
UNLIMITED 


...an established concept at 
Convair-Pomona where your 
opportunities in the career of your 
choice are virtually unlimited. Work 

in the finest engineering facility in the 
country at America’s first exclusive 
Guided Missile plant. Ultra-modern 
surroundings, completely air-conditioned, 
in beautiful Pomona only minutes from 
Los Angeles, the mountains, the seashore 
or desert recreation. Here is country 
living near the city at its best: 


Excellent opportunities 
available now in: 


ELECTRONICS 

DYNAMICS 

AERODYNAMICS 
THERMODYNAMICS 

OPERATIONS RESEARCH 
HYDRAULICS 

MECHANICAL DESIGN 
LABORATORY TEST ENGINEERING 


Generous travel allowance 

to Engineers who are accepted. 
Write now enclosing 
a complete resume to: 
Employment 
Dept. 3-N 


CONVAIR 


= A DIVISION OF 


GENERAL DYNAMICS 
CORPORATION 


POMONA 


DN 
CALIFORNIA 


DEPTEMBER, 1956 


Quantitative descriptions of the stars, star syc 
tems, interstellar material, and nebulae follow 
with some attention given to those bodies e 
hibiting special characteristic Professor Allen 
has supplied numerous references in order that 
the reader may check any data as regards numer; 
cal value or meaning and closes his volume With 
incidental tables of interest to astronomers aa 
astrophysicists 

Solid State Physics; Advances in Research 
and Applications, Vol. I. Edited by Frederic 


Seitz and David Turnbull. New York, Academi 
Press, Inc., 1955 469 pp., diagrs. $10 

This is the first in a series that will encompass 
about a dozen volumes rhe purpo is t 
publish most of the basic reviews on solid state 
science and to review comprehe nsively all of th 
important facets of the subject Qualified sc 
entists will prepare articles on parts of the field 
that are currently appropriate rhe articles w 
be of three general types 1) broad elementar 


urveys that have particular value in orienting 
the advanced graduate student or an investigator 
having little previous knowledge of the subject 
2) broad surveys ot fields of advanced research 


that serve to inform and stimulate the more ey 


perienced investigators 3 more pecialize 
articles describing important new techniques 
both experimental and theoretical Che volumes 
will be published semiannually for a period o 
time After a few years it is expected that the 


volumes will be published annually 
Contents Methods of the One- Electron 


rheory of Solids, John R. Reitz Qualitative 
Analysis of the Cohesion in Meta Eugene P 
Wigner and Frederick Seitz The Quantum 
Defect Method, Frank S. Ham rhe Theory « 
Order-Disorder Transitions in Alloy loshin 
suke Muto and Yutaka Taka; Valence Sem 


conductors, Germanium and Silicon, H. Y. Fan 
Electron Interaction in Metal David Pines 
Author Index Subject Index 
Solid State Physics; Advances in Research 
and Applications, Vol. 2. Edited by Frederick 
Seitz and David Turnbull New York, Academic 
Press, Inc., 1956 168 pp., diagr tables. $10 
Contents Nuclear Magnetic Re 
E. Pake Electron Paramagnetism 
Magnetic Resonance in Metal W. D 


Applications of Neutron Diffraction 
State Problems, C. G. Shull and E. O. We 


an 


he Theory of Specific Heats and Lattice Vibra 
tions, Jules de Launay Displacement of Atoms 
during Irradiation, Frederick Seitz and J. § 
Koehler Author Index Subject Index 


POWER PLANTS 


Thermopropulsion des Avions; Turbines et 
Compresseurs Axiaux (Thermal Propulsion of 
Aircraft; Axial Turbines and Compressors) 


René Bidard 2nd Ed Paris, Gaut r- Villars 
1954. 338 pp., illus., figs. Fr. 4,050, $11.57 
rhe subject matter of this book has been taught 
by the author in the Ecole Nationale Supérieure 
d’Aéronautique in Paris since this 
second edition a complete calculation of the gas 
turbine cycle is presented rher« ilso a study 


of the case where the turbine or the compressor 


can be considered as exchanging heat with the 


outside atmosphere—a case which of greater 
importance with industrial turbines but which 
explains well the functioning of these turbo 
machines New to this edition also are a study 
of the external aerodynamics of aircraft gas 
turbines and a study of the ramjet To the 
chapter on cascades has been added material on 
blade form, estimation of characteristics, and the 
effect of Mach Number. The chapter on com 


bustion has been enlarged by a treatment of 
combustion in high-speed flow, such as that m 
afterburners, and a discussion of heat exchangers 
has been included. The more than 1,30 
literature references mentioned in the text are 


collected in a separate section 


RESEARCH 


Proceedings of the Ninth Annual Conference 02 
the Administration of Research; Northwester® 
University Technological Institute, Evanston Ill 
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OUTSTANDING 
OPPORTUNITIES 


in 


Aircraft 
NUCLEAR 
PROPULSION 


Are Now Available at The 
Budd Co. in Philadelphia 


Our new long range program 
has created challenging and 
responsible positions im our 
nuclear engineering division 
for men with some experience 
and seeking advancement in 
the following groups: 


MECHANICAL 
ENGINEERS 


For Structural Analysis 


MECHANICAL 
DESIGN 
ENGINEERS 


Thermodynamic Analysts 


PROJECT 
ENGINEERS 


Mechanical Background 


Salaries Commensurate 
With Experience 


Call or write for personal and 
confidential interview or mail 
a complete resume to: 


The BUDD Company 


Employment Service Dept. 
2450 Hunting Park Avenue 
Philadelphia 32, Pa. 


MECHANICAL ENGINEERS 


. . . for experimental testing and development, stress and 
vibration analysis, combustion research, heat transfer and 
mechanical design work on turbojet, turboprop and other 


advanced aircraft engines. 


AERONAUTICAL ENGINEERS 


. .. to work on innumerable internal and external prob- 
lems concerned with the design, development and testing 
of aircraft powerplants. Some will specialize in analytical 
engineering to forecast engine-airplane combinations 
more than a decade in advance of design. 


MECHANICAL DESIGNERS 


... to help us solve some of the most challenging engineer- 
ing and technical problems of the day in the mechanical 
design of advanced aircraft engines. 


ELECTRICAL ENGINEERS 


. . . to use their specialized skills in the analysis and 
development of controls, systems and special instru- 


mentation. 


METALLURGISTS 


... to investigate and develop high-temperature materials 
that will have higher strength-weight ratios at elevated 
temperatures. Major emphasis will be on the development 
of superior materials with greater corrosion resistance. 


If you are a creative 
individual, you'll enjoy 
the tremendous challenge 
and pioneering required 
in aircraft engine devel- 
opment. You'll like the 
unusual advancement op- 
portunities — the chance 
for fast professional 
growth. 


©® NEW, higher salary levels 
® Unexcelled facilities 
© Pleasant Connecticut living 


© Advanced educational pro- 
gram in conjunction with 
Rensselaer Polytechnic 
Institute. Tuition refund 
plan. 


Please send a complete resume to Mr. P. R. Smith, 
Office 31, Employment Department 


PRATT & WHITNEY AIRCRAFT 


DIVISION OF UNITED AIRCRAFT CORPORATION, EAST HARTFORD 8, CONNECTICUT 


World’s Foremost Designer and Builder of Aircraft Engines 
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Our engineers are happy as clams 


But their projects are no clambake ... 


Kaman’s Engineering staff is a happy combination of men 
who approach their work with intelligence and imagination, 
and yet enjoy every minute of it. They are serious enough to 
realize the part that Kaman is playing in our National Defense 
effort, and yet they realize that a relaxed atmosphere gen- 
erates more ideas in an hour than tense surroundings do in 
a week. 


The highly classified projects Kaman is working on now 
require mature, technically qualified engineers who are not 
afraid of hard work, but who, naturally, expect to get paid 
for it. That’s exactly how it is at Kaman. 


If you want the tide to turn for you, don’t clam up. Check 
the position you can fill and return the coupon now. We'd 
like to have you aboard. 


KAMAN 


THE KAMAN AIRCRAFT CORP. es Aerodynamics 
61 Old Windsor Road Design Drafting & Loyout 
Vynomics 
Bloomfield, Conn. Electrical Design & Layout 
Electronics 
Att: W. M. Tynan, Administ¢ative Engineer Liaison 
Mechanical Design 
Research 
Address _ > — Stress Analysis 
Systems Development 
State: Test & Development 


DEP TEMBER 1956 


September 7-9, 1955 New York, New York 
University Press, 1956. 107 pp. $4.00 

Contents: Research Relationships Between 
Government and the University, Ralph A. Mor 
gen Research Relationships Between Govern 
ment and Industry, Daniel P. Barnard. Sum 
mary of Statistical Data on Government-Spon 
sored Research, Raymond H. Ewell University 
Executives’ Viewpoints on Government Re earch 
Relationships, J. W. Buchta Industry Execy 
tives’ Viewpoints on Government Research Rela 
tionships, Allen Abrams Industry and Univer 
sity as Sources of Research Operations for the 
Armed Services, D. L. Putt Industry, Univers 
ties, and National Laboratories as Sources of 
Research Operations for the Atomic Energy Com 
mission, Thomas H. Johnson. How Can Meth 
ods of Obtaining and Awarding Contracts Be 
Improved, Morris T. Carpenter How Can the 
Working Relations Between Contractors and 
Government Administrators Be Improved, John 
H. Richardson. Closing Remarks, R. W. Cairns 
Negotiating and Procuring the Contract, William 
Davis. Effective Relations in Government 
Sponsored Research, Thomas Killian. Utilizing 
Research Results, Charles Kimball. Commun 
cations in Research, Oscar Maier Panel —The 
Future of Research: For Industry, E. D. Reeves 
For Universities, Clifford C. Furnas; For Govern 
ment, H. Guyford Stever 


A Decade of Research, 1946-1956. Buffalo 


Cornell Aeronautical Laboratory, Inec., of Cor 
nell University, 1956. 67 pp., illus 

The following aspects of the Laboratory are 
briefly summarized—history, technical and educa 
tional programs, public service, and_ business 
operations. The technical program is detailed 


under 19 separate areas of aeronautics. The 
contributions of the different departments are 
outlined, and a quick résumé is given of current 
research 


ROTATING WING AIRCRAFT 


Report on the Helicopter; The Helicopter and 
its Role as a Transport Vehicle Samuel C 
Williams (Brundage Story and Rose Research 
Reports, Series A-l.) New York Brundage 
Story and Rose; Hoboken, N.J., Distributed by 
Stevens Book Store, Stevens Institute of Tech 
nology, 1956. 220 pp., illus., tables. $2.50 

Mr. Williams, Associate Professor of Industrial 
Engineering, Stevens Institute of Technology 
has undertaken a review of developments in the 
helicopter industry from 1939 to date. His 
survey attempts to measure the effect of the more 
important forces which will determine the in 
dustry’s course and its growth prospects during 
the next decade. The areas discussed are (a 
mobility in transportation, (b) past history and 
present size of the manufacturing industry, ( 
present and potential applications for the heli 
copter, (d) capital and operating costs, (e) en 
gineering problems confronting producers and 
users, and (f) the relative importance of future 
markets for this novel form of transportation 
There are 17 illustrations and 56 statistical tables 
highlighting pertinent information rhe intro 
duction of the book contains a concise and compre 
hensive résumé of the scope, summary, conclu 
sions, and recommendations 

Principles of Helicopter Engineering. Jaco) 
Shapiro. New York, McGraw-Hill Book Com 
pany, Inc., 1955 433 pp., illu diagrs., tables 
$12.50 

The science and art of rotating wing aircrait 
represent the work of a large number of engineers 
and scientists. This work has been synthesized 
along with the results of many publications by 
Government, establishments, companies, and 
individuals, to form a definitive volume covering 
all aspects of the helicopter. Supplementary 
material includes a glossary, a notation list ol 
physical quantities, and a_ bibliography The 
author is a consulting designer and engineer and 
Managing Director, Servo-Tech Ltd., London 

Contents: Chapter (1) Rotating Wings 
Steady Flight The Actuator Disc, The Real 
Rotor, Rotor Performance, Aerodynamic Prob 
lems, Rotor Analysis. Chapter (2) Performance 
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What will you be doing in 1966 ? 
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parks, offers you metropolitan living 
in a suburban atmosphere. No 


$2.50 Cessna’s continuous planned expansion provides greater 


of Industria 


Retiedian commuting. potential for security in your future as an experienced engineer. 
ments in the Commercial aviation’s “New Concept”... Business Flying, 

date. His ® Your travel and family moving offers new horizons for the engineer at Cessna. A balance of 
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expenses paid. military and commercial projects provide diversification of 


assignments, and unlimited opportunities for advancement and 
recognition. Join Cessna and grow with Cessna. 
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1. Aircraft component load determination 4. Airframe static test analysis 

weer 2. Complete in-flight air-load survey 5. Airframe component stress analysis 
ane Oe programs 6. Programming complex and detailed 
— pees: PRES SMR 3. Structural preliminary design analysis problems for our digital computer. 


The intro For comprehensive information, write: Professional Placement Supervisor — Dept. AER 
e and compre 
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If you are interested ina permanent a : See 
position with a sound, diversified 
growth company, call collect or send 
your résumé to Bruce Wood, Tech- 
nical Director, Dept. AE-9-100. 


2600 Ridgway Road, Minneapolis C aor = Ss n a 
13, Minnesota. 
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of Helicopters Performance of 
ments, Performance of Power 
tion of Performance Analy 
Dynamics of the Rotor Fand 
‘ Dynamics, Motion of Rigid 
physics Deformations of Flexible Bla 
and Derivatives, Rotor System 
tions Chapter 4 Mechanic 
Flight Principles of Helicopter 
bility of Free Single-Rotor He 
Hinged Rotor, Control of Single 
with Hinged Rotor, Control vilit f 
Single-Rotor Helicopters with Modified Rotor 
chemist y Systems, Control and Stability of Multi-Rotor 
Helicopters, Problems in the Mechanics of Flight 
Chapter (5) Helicopter Project De 


quirements, Quality Criteria, Classificatic 
metal gy ese Configurations Chapter (6) Rotorcraft 


Com 


ponents and Assemblies Lifting Re r Blade 
* Articulation and Hub of Lifting Rotor, Power 
ie S System, Handling System, Structure 


Théorie des Hélicopteres Monorotors (Theory 
of Single-Rotor Helicopters). Jean-J. ( 


rinoux 
of scientific Centre Belge de Navigation, Publication No. 14 


Brussels, Office de Publicité SA, 1954. 230 pp 


Re 


illus., figs., tables 
h | t his book was developed out of a series of lec 
re S@a rc € ec ron ICS tures given by the author at the Institut d'Aéro 
nautique of the Université Libre of Brussels 
are a The first chapter is devoted to a general descrip- 
tion of the helicopter. The first part, in which are 
engineering compared the chief characteristic of airplanes 
challenge en and rotating wing aircraft, is for a reader who 
already has some ideas of the subject or who 
wishes to gain a general view of the whole topic 
after the first reading of the book rhe second 
part is intended to explain the different types of 
helicopters and rotor heads before going into the 
special treatment of single-rotor machines with 
articulated blades. Photographs give some ex- 
math ematics amples of actual construction, and there is some 
discussion based on detail drawing Ihe second 
chapter is concerned with hovering flight and 
ascending vertical flight The theory of heli 
copter momentum is combined with that of the 
blade element, and expressions are obtained for 
... and the scientific and engineering person- the lifting force and the engine ve Blade 
nel of the Los AlmeentiOc Laboratory proportions are studied in relation to otor lift in 
A U hovering flight, and performance calculations are 
working with some of the Western World’s made for a given rotor. The third chapter treats 
finest equipment and facilities—are meeting descending vertical flight with and without power 
the challenge with independent and original the method of calculation used is semiempirical in 
‘ ‘ the sense that it is based on flight-test results 

research, application and development work. 


Chapter (4) is concerned with pitch variation 
T YOUR 
Excell t t tat flutter, and oscillations of the blade system and 
INQUIRY AND at serves as an introduction to the next chapter 
BACKGROUND Alamos for qualified men wishing to further 


RESUME TO their scientific careers. 


Chapter (5), a study of the single-rotor helicopter 
in translational flight, is divided into three parts 


rotor theory, helicopter performance calculation 
The nation’s most important institution for and optimum conditions in horizontal flight 


its development of at ic we offers Chapter (6) is an evaluation of the flight charac 
P 
teristics of single-rotor helicopters, taking into 
unlimited opportunity for individual growth 
$ Cae ng account helicopter control in its physical aspect 
and development. In addition to its continu- and static and dynamic stability At the end, 
ing and ever expanding achievement in nuc- there are summaries of the notation used in the 
i ook, a glossary of Frenc inglish helicopte 
lear weapons research, the Laboratory is now book, a glossary of French and English helicopter 
terms, and four folding charts giving character 
pioneering in the fascinating fields of nuclear 
: istics and performance of helicopters built or on 
power and nuclear propulsion. 


DEPARTMENT 

OF 

SCIENTIFIC PERSONNEL 
Division 100 


the design boards at the time of writing 
Report of Proceedings, Third Convertible Air- 
craft Congress; Held at The Franklin Institute 


Los Alamos itself, beautifully located among 
pines.on the lower eastern slope of tlie tower- Philadelphia, November 25, 1955. Marian Sta 
ing Jemez mountains, is a delightful small 
city—an ideal community and climate in eae ve 


This Third Congress was in the nature of a re 


which to live and raise a family. 


view of developments in the field since 1952 and 
1 projection into the future. The bulk of the text 
consists of the following panel d sions: ap 
plied research methods, high-speed flight, power 


plant manufacturers, real safety 


port Individual talks include 

Force Convertiplane Projects 
\ Philadelphia Pioneering in 


Thomas. Terminals for Tomorrow 
Aircraft, John R. Wiley Getting 


scientific laborato ry Gov ernment William B. Bunker 
OF THE UNIVERSITY OF CALIFORNIA SPACE TRAVEL 
LOS ALAMOS, NEW MEXICO Experiments in the Principles of Space Travel. 


Franklyn M. Branley. New York, Thomas bf 
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Crowell Company, 1955 
$2.00 


119 pp., diagrs., tables 


The purpose of this brief volume is two-fold in 
that it undertakes to explain the basic laws of sci 
ence relating to rocketry and space travel and 
thereby to enable the reader not only to conduct 
simple experiments verifying these laws but also 
to separate fiction fom science in the literature 
devoted to extraterrestrial flight Numerous 
illustrations carry forward the author's explana 
tions of such matters as the measuring of distance 
in space, the design of rockets and their power 
plants, temperature and pressure control, sources 
of power, and the effects of gravity. The author’s 
personal view is that space travel will be limited 
to the solar system owing to the short span of 
human life compared with the time required to 
traverse the enormous distances separating the 


planets from the nearest stars 


STRUCTURES 


Freiszylinderschalen (Circular Cylindrical 
Shells); A Tabular Compilation for Computing 
Circular Cylindrical Shell Structures of Arbitrary 
Dimensions Dieter Riidiger and 
Urban. Leipzig, B. G. Teubner, 1955 
tables. DM 24 

This book first gives an introduction into the 


Joachim 
270 pp., 
In English and German 


theory of circular cylindrical shells, established 
by W. Fligge. The basic equations are simplified 
according to a proposition made by L. H. Donnell 
in 1933, by neglecting ‘‘Bernoulli’s Hypothesis.” 
The numerical evaluation of the solution of Don 
nell’s differential equation is rendered possible by 
using a dimensionless parameter, first applied by 
H. Neuber, which connects the three independent 
dimensions of the circular cylindrical shell 
length, radius, and thickness of shell. By defining 
suitably the four redundants, acting between each 
edge member along the generatrix and the circular 
cylindrical shell, it is possible to extend the tabula 
tion of the integration-constants for unit load cases 
proposed by Dischinger so that the stress and dis 
placement condition of the shell may be calcu 
lated for unit values of redundants at each point 
of the shell. The evaluation of the solution has 
been done for 48 parameter-values 0.03(0.01)- 
0.30(0.03)0.90, 


THERMODYNAMICS 


Proceedings of the Gas Dynamics Symposium 
on Aerothermochemistry, August 22-24, 1955. 
Edited by Donald K. Fleming 
Northwestern University and American Rocket 
Society with the Cooperation of the ARDC, 
USAF. Evanston, Ill., Northwestern University, 
1956. 284 pp., illus., diagrs., tables. $4.00 

Contents: Combustion of Condensed Phases 
From Liquid Stream to Vapor Trail, C. C. Miesse 
Steady State Burning of a Liquid Droplet with 
Finite Reaction Kinetics, Jack Lorell, Henry 
Wise, and R. S. Carr. A Study of Radius and 
Surface Temperature Variations of an Evaporat 


Sponsored by 


ing Liquid Droplet in the Absence of Macroscopic 
Convection, S. L. Soo and H. K. Ihrig, Jr. A 


ENGINEERING REVIEW 


Theory the Spread of Flame in a Propellant 
Bed, G. P. Wachtell 

Nonsteady Combustion Combustion Insta 
bility, Luigi Crocco and J. Grey Oscillatory 


Combustion Rocket Propulsion Engines, A. O 
Cellular Slot 


Burner Flames, G. H. Markstein and D. Schwartz 


Tischler and 1eodore Male 
Vibration of the Gaseous Column Behind a 
Strong Det n Wave, Boa-Teh Chu 

Laminar Flames Theoretical Studies of 


Laminar Flan Propagation, S. S. Penner and 


T. H. Crow Analysis of Flame Propagation 
Based on Sit ed Reaction Kinetics, E. Mayer 
and H. Car Burning Velocities by the Bunsen 
Burner Meth J. M. Singer, Joseph Grumer 
and E. B. ¢ k. Study of Pressure Dependence 
of Burning Velocity by the Spherical Vessel 
Method, J Manton and B. B. Milleken 
Studies of the Ignition of Gaseous Hydrocarbons 
C. F. Mozer a R. K. Sherburne 

Turbulent Combustion: Status of Research of 


the Physics of the Turbulent Combustion in Pre 
Martin Summerfield Mathe 

rurbulent Flames, J. M. Rich 
ardson. An Investigation of the Burning Rates of 
Confined Tur ent Flames, J. J. Zelinski, W. T 
Baker, L. J. Mathews, III, and E. C. Bagnall 
Diffusion Flames, Itsuro Kimura and Seiichiro 


mixed Gase 


matical Theory 


Kumagai 

Flame Stabilization: Experiments Concerning 
the Mechanism of Flame Blowoff from Bluff 
Bodies, Edward E. Zukoski and Frank E 
Marble. Stu of Flow and Mixing in the Re 
circulation Zone of Baffle Type Flameholders, 
A. A. Westenberg, W. G. Berl, and J. L. Rice 
Aerothermochemical 


Aspects of Flameholder 


Performance, John W. Bijerklie Combustion 
Performance of Baffle Type Flameholders Lo 
cated in Jet Engine Diffusers, Edward P. French 


Detonation Consider 


Thermodynamics 
ations for the Attainment of a Standing Detona 
tion Wave, J. Rutkowski and J. A. Nicholls 
Work on Strong Shock Waves 
University, R. M. Patrick and 
A. Kantrowit otal Entropy Production in 


Review of Recent 
Done at Corne 


Chemically Irreversible Processes, Shao-Lin Lee 
and John F. Lee. Some Thermodynamic Proper 
ties of CHe Air Combustion Gases, H. N. Powell 
and S. N. Suc 

Banquet Address: Technical Military Superi 
ority Is Still Needed, H. Guyford Stever 

1956 Heat Transfer and Fluid Mechanics In- 
Stitute; Preprints of Papers. Held at Stanford 
Stanford, Calif., Jume 21-23, 1956 
Stanford, Stanford University Press, 1956. 278 


University 


pp., illus., diagrs. $5.75 

Contents 
in the Absence of a Pre-Existing Gaseous Phase 
S. G. Bankoff 
on Boiling Heat Transfer—Exploratory Investi- 
(3) Solving the Melting 
Problem Using the Electric Analogy to Heat 
Conduction, David R. Otis. (4) Effect of Axial 
Fluid Conduction on Heat Transfer in the En- 
Parallel Plates and Tubes, P. J. 
Schneider >) Heat Transfer in a Pipe with 


Ebullition from Solid Surfaces 


Effect of an Ultrasonic Fiei:d 


gation, S. I Isakoff 


trance Regions of 


SEPTEMBER, 


1756 


Turbulent Flow and Arbitrary Wall-Temperature 
Distribution, C. A. Sleicher, Jr., and M. Tribys 
6) Heat Transfer of a Laminar Pipe Flow with 
Coolant Injection, S. W. Yuan and A. B. Finkel 
stein. (7) Heat Transfer by Forced Convection 
from a Horizontal Flat Plate into a Turbulent 
Boundary Layer, A. C. Spengos and J. E. Cermak 
8) On the Changing Size Spectrum of Particle 
Clouds Undergoing Evaporation, Combustion, or 
Acceleration, A. H. Shapiro and Alve J. Erickson 
9) Experimental Study of the Velocity and Tem 
perature Distribution in a High Velocity Vortey 
Type Flow, J. P. Hartnett and E. R. G. Eckert 
10) Natural Convection Heat Transfer from q 
Horizontal Cylinder Rotating in Air, Davig 
Dropkin and Arieh Carmi 11) An Analog 
Solution of the Navier-Stokes Equation for the 
Case of Flow Past a Flat Plate at Low Reynolds 
Numbers, E. Janssen (12) On the Supersonic 
Flow of a Viscous Fluid over a Compression 
Corner, Raymond L. Chuan 13) Heat Transfer 
to a Yawed Infinite Cylinder in Compressible 
Flow, Eli Reshotko. (14) The Unsteady Laminar 
Boundary Layer on a Flat Plate, Sin-I Cheng and 
David Elliott. (15) Thermodynamics of the First 
Order, Y. S. Touloukian and P. S. Lykoudis 
16) Non-Linear Problems in Thermodynamics 


of Irreversible Processes, I. Prigogine (17 
Thermoelasticity and Irreversible Thermody 


namics, M. A. Biot 


VIBRATION 


Mechanical Vibrations. J. P. Den Hartug 
ith Ed New York, McGraw-Hill Book Com 
pany, Inc., 1956. 436 pp., diagrs. $9.00 

Originally the outgrowth of a course of lectures 
given to students in the Design School of the 
Westinghouse Company in Pittsburgh, Pa., the 
first edition of this book was published in 1934 
It is intended for the student engineer and the 
practicing engineer. While dealing with vibration 
phenomena in a thoroughly technical manner, the 
text emphasizes the many applications of princi 
ples and calculations to the vibration problems 
encountered by the practicing engineer. Com 
plete explanations and proofs are given without 
mathematics higher than simple differentiations 
and integrations. The number of problems has 
been increased in this edition. New material has 
been added on von Karman vortices and on non 
linear vibrations, with examples of cases that have 
appeared in practice since 1947 


YEARBOOKS 


Aviation Facts and Figures, 1956. Official 
Publication of the Aircraft Industries Association 
of America Washington, Lincoln Press, Inc 
1956. 103 pp., diagrs., tables. $1.00 

The contents of this fourth edition represent a 
compilation of facts gleaned from many sources in 
the world of aviation during the past year. United 
States air power, military and civil, and the air 
craft industry which designs and produces air 
craft and missiles are analyzed both statistically 
and textually 


Meeting, January 23-26, 1956. 
Members $0.50 


PAPER NOW AVAILABLE 
Through IAS Publications Department 


Engineering Management Philosophies 


A Symposium containing the four papers and discussions presented during a special session at the IAS 24th Annual 
Fairchild Fund Paper No. FF-14, 


Nonmembers $1.00 
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Personnel Opportunities 


° This section is for the use of individual bers of the Institute seeking new connections and 


organizations offering employment to Aeronautical specialists. 


tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Instructors and Research Engineers—Several 
openings are available for men to teach and 
participate in research M.S. or Ph.D. with 
experience in aerodynamics, dynamics, or pro 
Salary and rank depend upon 
Send résumé to E. E 


pulsion required 
experience Brush, Depart 
ment of Aeronautical Engineering, Texas A&M 
College, College Station, Tex 


Wind-Tunnel Manager—Excellent opening 
for manager of low- and high-speed wind tunnels 
under development for commercial and research 
operation Salary comparable with industry 
Send résumé to E. E. Brush, Department of 
Aeronautical Engineering, Texas A&M College 


College Station, Tex 


Propulsion Aerodynamicist 


nautical or mechanical engineer wanted to super 


Experienced aero 


vise basic and applied research on the internal 
and external aerodynamic characteristics of jet 
engine exhaust systems Extensive research 
facilities, including an 8-ft. high-speed subsonic 
tunnel and new 17-in. transonic and supersonic 
wind tunnels, are available for experimental 
work. Applicants should have a thorough back 
ground in the fundamentals of jet propulsion 
5 years’ experience in related engineering work, 
and proved ability to plan and direct the efforts 
of a specialized group in this expanding area of 
For further information, contact H 
W. Miller, Research Department, United Air 
craft Corporation, East Hartford 8, Conn 


research 


Engineering Thermodynamicist 
mechanical or aeronautical engineer wanted for 


Experienced 


specialized research in the field of engineering 
thermodynamics, compressible fluid flow, heat 
transfer ind reaction 


power-plant analysis 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Position involves the organization, planning, and 
performance of analytical evaluations of advanced 
power plants for aircraft and missile applications 
Applicants should have a Master’s degree plus 
5-10 years’ experience in the technical phases of 
aircraft power-plant analyses For further 
information, contact H. W. Miller, Research 
Department, United Aircraft Corporation, East 
Hartford 8, Conn 

Professor 
aerodynamics and related fields, to design and 


To teach undergraduate courses in 


supervise construction of teaching and research 
laboratory facilities, and to do part-time research 
Advanced industrial 


degree and experience 
desirable. Salary and rank depend upon quali 


fications Address inquiries with complete 
personal data and photograph to Head, Depart- 
ment of Aeronautical Engineering, Alabama 
Polytechnic Institute, Auburn, Ala 

Weight and Balance Control—Bendix Missile 
Section, prime contractor for the ‘‘Talos’’ guided 
missile, has several challenging and interesting 
positions open in the Weight and Balance Control 
Section. Their expanding missile program re 
quires additional experienced technical personnel 
who are qualified to resolve problems dealing with 
the calculation of weights and balances and the at- 


Any member or organiza- 


tendant problems of center of gravity, moments of 
inertia, and weight distribution. In addition, the 
preparation of drawings and reports together with 
the coordination of effort with other engineering 
sections will make these positions attractive. If 
you are seeking more challenge and more responsi- 
bility and if you desire to work with an aggressive 
company in a fascinating field, write to Earl D 
McConnell, Personnel Director, Bendix Products, 


Missile Section, 400 S. Beiger St., Mishawaka 
Ind 
Engineers— Diversified engineering positions 


are available at the Fairchild Engine Division of 
the Fairchild Engine and Airplane Corporation, 
Deer Park, Long Island, N.Y., involving engine 
research, design, design and performance analysis 
test engineering, compressor and turbine design 
control systems, and other engineering operations 
associated with the general field of design and de 
velopment of gas-turbine power plants. These 
opportunities result from expanded programs in a 
new plant and gas-turbine lahoratory. Send ré 
sumé to Felix Gardner, Fairchild Engine Divi 
sion, Deer Park, Long Island, N.Y. 
Engineers—Opportunities in a new, long-range 
stable effort in Air Defense problems are available 
for electrical and electronic engineers or scientists 
physicists, applied mathematicians, and mechan 
ical engineers. This effort involves high-level 
creative origination and improvement of com 
ponents of Air Defense Systems considering im 
mediate and future problems. Effort will be ac 
complished by small groups considering sequential 
problems. Direct experience is not a major con 
sideration providing that the applicant’s back 
ground forms a framework of adaptable or sup 
porting skills. Salary range, $5,440 to $11,610 
Interested individuals are invited to write for in 
formation or send résumé to Chief, Air Defense 


COMPANY and LOCATION 


AC Electronics Division, Milwaukee 2.............-. 


Fairchild Guided Missiles Division, Wyandanch, N.Y..... 
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Laboratory, R&D Div.-OML, Redstone Arsenal duty statu Instructors should have B.S.A.E 
Huntsville, Ala and preferably flying experience and acquaintance 
Professors—The Air Force Institute of Tech with rotary wing aircraft This is a full-time 
nology, Wright-Patterson Air Force Base, Ohio position at a ba lary of $8,500 for an 11-month 
has vacancies in the Department of Mathematics year with u academic holidays. It involves 15 
Most of the work is at an advanced undergraduate hours of classroom instruction per week. Time 
and graduate level. Employment will be effected may be ma available for study or consultation 
in accordance with Civil Service regulations Service im i try Position to be filled by 
Grade levels available are GS-9 (35,400), in October , \ppointment will be made 
structor GS-11 ($6,390), assistant professor early in Send inquiries to Aviation 
and GS-12 ($7,570), associate professor. Applica Safety D 5.C., Los Angeles 7 
tions should be made on Standard Form 57 or by Engineers " Naval Ordnance Experimental 
letter to Head, Department of Mathematics, Res Unit has o for aeronautical. mechanical 
ident College, Air Force Institute of Technology and electri vineers for technical manage 
Wright-Patterson Air Force Base, Ohio ment of gu missile system development pro 
Instructor —Aeronautical Engineering ~The grams. 7 tions are in the GS-12, 13, and 
University of Southern California has an opening 14 levels yearly salaries of $7,570 
for an instructor in its Aviation Safety Program $8,990. and §$ 20 and are located in Wash 
Students are U.S. Air Force, Navy, and Army D.C Ap] on Standard Form 57 should 
pilots attending 8-week courses on temporary be sent to O n Charge, Naval Ordnance Ex 


>|/ Crusader—Portrait in Aerodynamics/ 2 


NEW PROJECTS 
FOR EXPERIENCED 
AERODYNAMICISTS 


To accept aerodynamics responsibilities on several 
new aircraft and missile programs, including further 
development of the F8U-1 Crusader, “The World’s 
Fastest Navy Fighter” and the highly successful 
Regulus guided missile. Openings are available at all 
levels, and include positions as aerodynamics project 
engineer. 


Engineers with two to ten years of general aerody- 
namics experience will find this an excellent oppor- 
tunity to join new projects at their very beginning. 


These are all permanent positions on an engineering 
team noted for its advanced designs and technical 
competency. 


Chance Vought offers stability and advancement 
opportunities as well as the usual benefits including 
an excellent retirement program and generous 


e 
relocation allowance to Dallas in the clean and 
uncrowded Southwest. 


To arrange for a personal interview 
and a 
confidential evaluation of your qualifications 
send a resume of your background to: 


Supervisor Engineering Personne! 


OUGHT AIRCRAFT 


INCOR POCORATEDO 


P. O. BOX 5907 DALLAS, TEXAS 


CHANCE 


SEPTEMBER 19:56 


perimental Unit, c/o Nationaal Bureau of 
ards, Wash. 25, D.C. 


Stand 


Engineers—-Aeronautical, Mechanical, ang 
Electronic—The Technical Development Center 
of the Civil Aeronautics Administration at 


In 
dianapolis is seeking engineers to conduct dey elop 


ment, applied research, experimentation, evalua. 
tion, and testing projects in connection with air 
cratt structures, power plants nstrumentation 
electronic and other aids to air navigation, com 
munication, and traffic control. Requirements are 


as follows: GS-5, B.S. degree or experience equiy 
alent, $4,480; GS-7, B.S. degree or experience 
equivalent plus 6 months’ experience, $5,335 


GS-9, B.S. degree or experience equivalent 


t plus 
1'/g years’ experience, $6,115; GS-11, B.S. de 
gree or experience equivalent plus 2 years’ ex 


perience, $7,035 Write or send application on 
Standard Form 57 to Personnel Officer, Civi 
Aeronautics Administration, Technical Develop- 
ment Center, P.O. Box 5767, Indianapolis 


Aeronautical Design Engineers—The Air 
craft Engineering Division of Lear, Incorporated 
is offering outstanding employment opportunities 
to qualified aeronautical design engineers. Many 
outstanding employee benefits and advancement 


possibilities are available in this extremely 


pro 
gressive organization Direct your inquiries to 
Kevin Keelaghan, Assistant Chief Engineer, Lear 
Incorporated Aircraft Engineering Division 


Santa Monica Airport, Santa Monica, Cal 


Instruction——Senior staff position of assistant 
associate, or full professor of engineering mechan 
ics with opportunity to teach graduate courses 
on nonlinear mechanics and elasticity For fur 
ther information, write Joseph Marin, Head, De 


partment of Engineering Mechanics. The Penn 
sylvania State University University Park 
Pa 


Professor or Associate—The Brazilian Aero 
nautical Technical Institute needs high-grade 
professors specialized in airplane structures, air 
plane design, dynamics, and electronics for further 
development of undergraduate and _ graduate 
courses and laboratories. Men with teaching ex 
perience are preferred, but applications from men 
with sound theoretical training plus practical ex 
perience in research or development will be con 
sidered Unusual opportunity for the right 
persons. Send résumé with detailed information 
about education, experience, publications, and 
other contributions to Reitor ITA, CTA, Sao 
Jose dos Campos, Sao Paulo, Brazil 


Engineers— Doak Aircraft Co., Inc., Torrance 
Calif. (Los Angeles County), has a number of 
unusually interesting openings for aeronautical 
engineers in the design and development of a new 
vertical take-off aircraft. Challenging oppor 
tunities for men with experience and training in 
the fields of aerodynamics, structural design, 
stress analysis, mechanical design, and engineer- 
ing drafting. The development of this VTOL 
aircraft is being conducted under a prime Govern- 
ment contract Please send résumé including 
salary requirements to N. E. Nelson, Chief 
Engineer, Doak Aircraft Co., Inc., 22309 South 
Western Avenue, Torrance, Calif 


764. Laboratory Supervisor-— Midwestern Uni 
versity desires young, aggressive man to assume 
charge of aeronautical laboratory, including 7 
by 10-ft. wind tunnel, supersonic tunnel, ete., and 
to assist on research programs Engineering 0! 
physics degree required. Opportunity for gradu- 
ate study. Please submit complete qualifications 
and small photograph 


763. Professor—Associate or full professorship 
in the field of aircraft structures or engineering 
mechanics. Desires man who either is or will be 
an outstanding teacher for both undergraduate or 
graduate courses. Man must have proved ability 
for research and publication. Advanced degree 
required; location, Midwest; salary and rank 
open. Please submit complete qualifications and 
small photograph 


(Continued on page 164) 
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profile 


of your future 
at 
ALLIED RESEARCH 


ALLIED IS BIG ENOUGH to offer excellent | OPPORTUNITIES IN THESE 
working conditions, top pay, and the promise ; EXPANDING FIELDS... 
of a secure future for research-minded en-' , Theoretical and 

gineers and physicists. . applied aerodynamics 
ALLIED IS SMALL ENOUGH to give recogni- Stability and control 

tion to the individual . .. and to provide plenty : , Aeroelasticity 

of elbow room for growth and advancement. Thermo-elasticity 

ALLIED IS FLEXIBLE ENOUGH to offer a Vibrations analysis 

wide variety of challenging assignments that Structural dynamics 
assure freedom from routine — in both the Structures and elasticity 
theoretical and applied phases of engineering Weapons effects 

and the aeronautical and physical sciences. High temperature physics 
LOCATION: New England — where the living Spectroscopy 

is good and gracious... in the country or Instrumentation 

in town. - Radiation transfer 


How to arrange an interview: 
Just write today to D. F. 


ALLIED RESEARCH ASSOCIATES, INC. 
Fink, Chief Project Engineer. 


43 Leon Street, Boston, Mass. 


Eneineers for AERODYNAMICS AND 
PROPULSION 
RESEARCH 


BATTELLE INSTITUTE, an endowed 
research organization of 2500 
engineers, scientists, and service 
personnel, has openings on its pro- 
fessional staff for those with B.S., 
M.S., Ph.D. degrees in the aero- 
nautical sciences and an interest in 
fundamental and applied research. 


FOR AN OPPORTUNITY TO: Perform research on prime and sub 
Air Force contracts... Apply aeronautical knowledge to in- 
dustrial and commercial problems ... Engage in cooperative 
research with experts in all fields of science and technology . . . 
Enjoy professional environment, competitive salaries, vacations, 
and pension plans equal to any. 


Write to: TECHNICAL PERSONNEL DIRECTOR 
BATTELLE INSTITUTE, COLUMBUS, OHIO 


ENGINEERS 


ENGINEERS 


Electrical 


Mechanical 


GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 


ELECTRONICS DIV., 


Milwaukee 2, Wis. 


Seeks experienced engineers for the further 
development and systems testing of Inertial 
Guidance Systems and their Servo Loops. 


Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop- 
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub- 
urban Milwaukee area. 


To aid you in your professional advance- 
ment AC will provide financial assistance 
toward your Master’s degree. A Graduate 
Program is available evenings at the Uni- 
versity of Wisconsin, Milwaukee. 

GM’s Electronics Division aggressive posi- 
tion in the field of manufacture and GM’s 
long-standing policy of decentralization 
creates individual opportunity and recog- 
nition for each Engineer hired. 


Recent EE,ME 
Graduate Inquiries 
Also Invited 


Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat- 
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your- 
self today to 


Mr. John F. Heffinger 
Supervisor of Salaried Personnel 


Electronics Div. 


General Motors Corp. 
Milwaukee 2, Wis. 


ie 
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Select California Engineering 
Group Explores Thermodynamic 
Cycles in Advanced Engines 


A Few Positions Still Open For Cycle Analysis— 


Thermodynamics—and Nuclear Engineers. 


Propulsion experts at North Ameri- engineers who are interested in this 
ean Aviation, Los Angeles Division work. They are looking for men 
are carrying out thermodynamic who have had a minimum of three 
analyses of highly advanced engines years’ thermodynamics cycle analy- 
at the company’s Los Angeles, sis experience with jet engines or 
California plant. The studies in- propulsion analysis. Advanced de- 


» investigati jets 
clude investigation of turbojets, grees are preferred, though not re- 
ramjets, rockets and nuclear propul- it 
quired. 
sion devices . . . compressors, com- 


bustors, turbines, afterburners, ex- 


haust nozzles and thrust augmenta- Interested engineers are invited 
tion devices. to contact Mr. W. H. Nance, 

Department 56 AER, Los 
The Engineering Personnel Depart- Angeles Division Engr. Dept. 
ment at North American’s Los North American Aviation, Inc., 
Angeles Division, Engineering De- International Airport Los 
partment is seeking several qualified Angeles 45, California. 


GAMBLE? 


sure... 


if the odds are in YOUR favor... 


DECISION/INC — nationwide specialists in recruitment of engineering 
personnel — have an active and enviable record in developing job 
opportunities for men who want bigger salaries and a chance for 
greater personal achievement. 


DECISION/INC is retained by more top-ranking firms 
thruout the nation than any other organization to find the right 
man for each job. 

This confidential service costs you nothing. 


It takes TIME—MONEY—EFFORT to improve your job situation. If you 
are an engineer or scientist, particularly in the ELECTRONIC—AERO- 
NAUTICAL OY GUIDED-MISSILB field, DECISION/INC will do this quickly, 
effectively at no cost to you. 


HOW? After a study of your outlined objectives, our 
placement specialist develops a plan “tailor-made” for you— 
which includes a resume of your experience... and then a review 
by selected companies leading to confidential interviews at your 
convenience and our client’s expense. 


NOW is the time for DECISION! 


All you do Now is... send us your name, 
home address, job interest or title. We 
take it from there. 

Write or phone: 


OLIVER P. BARDES, President—DECISION /INC 

1420-36 FIRST NATIONAL BANK BUILDING 

CINCINNATI 2, OHIO GArfield 1-1700 
Publishers of the authoritative ENGINEERS’ JOB DIRECTORY 


758. Aeronautical Engineer An eastern unij- 
versity has opening for head of established heli. 
copter and VTOL research program. Salary com. 
mensurate with experience and ability 


Available 


767. Aeronautical Engineer Presently em 
ployed as supervisor on aerodynamic design of 
rockets and guided missiles Eight year ex 
perience in this field; 2!/2 years’ experience in air- 
craft structural design B.S. and M-S. in AeE 
Interested in supervisory position in missile or 
rocket aerodynamics preferably in the western 
half of the United States but will consider other 
locations 


766. Professional Engineer—-B.Sc., with 25 
years’ experience, currently editor of a technical 
maguzine in Canada, seeks editorial post. Offers 
scope for general engineering and scientific writ 
ing and first-class organizing ability Ave 51 
British. Author of two books and scores of tech 
nical articles 


765. Engineering Teaching Position —With 
professorial rank desired in a private northeastern 
university. Fields of mechanics, thermodynamics, 
and heat transfer, etc Ph.D. degree I welve 
years’ experience in research, consulting, and 
teaching 


761. Executive or Staff Engineer Adept at 
old or new problems in many fields. Can ad- 
munister group or assist top executive in mechan 
ical or related fields based on 20 years of inte- 
grated design, development, research, and man 
agement. Wide coverage of light to heavy me 
chanical activities including contract operations 
Broad and progressive interests, registered, ad- 
vanced degree 

760. B-47 Aircraft Commander—Aeronautical 
Engineer— Desires assignment as engineering test 
pilot. Diversified 3,000 hours conventional and 
jet 900 hours B-47 First Pilot Commercial 
single-engine land, single-engine sea, multiengine 
land, instrument ratings. Résumé on request 


759. Aeronautical Engineer—-Presently em- 
ployed by aircraft manufacturer. Desires posi 
tion with air line in operations engineering with 
opportunity for advancement or participation in 
administration East coast base preferred 
B.Ae.E., M.M.E., private pilot rating; 5 years 
total experience—2!/2 years’ work with stability, 
control, and performance of guided missiles, and 
3 years’ experience in jet-aircraft research and de- 
velopment. Age 28 

757. Technical Management Team—Two- 
man team versed in basic science, engineering, 
and management Experience in civilian and 
military technical organizations includes research, 
development, and production M.Sc.E. and 
M.A. with postgraduate studies; specialists in 
aircraft and propulsion fields Skilled in the 
application of systems concepts to management 
problems Experienced in obtaining maximum 
efficiency in production through better utilization 
of engineering and technical personnel 


756. Engineer—Administrator— Diversified 
engineering background; specialist in aerothermo- 
dynamics. Would like a difficult job requiring 
initiative, intelligence, and the ability to co 
ordinate group efforts. Excellent scientific back 
zround in modern aircraft and propulsion systems 
design. M_Sc.E. and over 15 years of experience 
in research, development, and design at working 
and supervisory levels. Primarily interested in 
obtaining results. Skilled in the effective utiliza 
tion and development of personnel in scientific and 


engineering fields. 


755. Project Manager or Executive Assist- 
ant—15 years’ experience in aircraft and jet- 
engine industry Three years as assistant to 
general manager of medium-size aircraft manu- 
facturer Extensive experience in project and 
contract administration Good background ia 
design and production engineering Age 32 
Desires position in western New York State oF 


northeastern Ohio. Résumé on request 
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THE INSTITUTE 
OF THE 
AERONAUTICAL SCIENCES 


ITS PURPOSE 


The Institute of the Aeronautical Sciences, estab- 
lished in 1932, is the representative society in America 
for professional engineers and specialists in all the sci- 
ences related to aeronautics. Its individual members 
form the nucleus of practically every aircraft and mis- 
sile design and development project in the United States 
and abroad. 

The basic mission of the Institute is to facilitate the 
exchange and evaluation of technical ideas among all 
engineers engaged in aeronautical work, wherever they 
may be. This is accomplished in two ways. First, the 
IAS maintains a carefully planned program of technical 
meetings, symposiums, and field trips to important aero- 
nautical installations. Held on local, national, and 
international scales, IAS meetings provide an open 
forum for the testing and evaluation of new theories, 
new ideas, and new developments in every technical 
and scientific phase of aeronautics. Secondly, these 
meetings are supplemented by the official publications 
of the Institute, which serve to disseminate the results 
of new research and theory to engineering and scientific 
staffs in all parts of the world. 

The Institute also maintains one of the finest research 
libraries on aeronautics in existence today. These 
facilities provide ready access to a source of technical 
information and specialized services of inestimable value 
to the aeronautical profession and the industry. 

Through such active interchange of information, the 
Institute services the technical needs of one of the 
world’s most exacting professional groups. Its only 
objective is the advancement of the arts and sciences 
of aeronautics. 


Fairchild 
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IAS MEMBERSHIP 


To be elected to membership in the Institute of the 
Aeronautical Sciences is an honor and privilege. Ap- 
plicants are carefully graded upon the recommendations 


of members. They are then considered by a Member- 
ship Committee, and the new members are elected to 
those grades of membership to which their experience, 
qualifications, and contributions entitle them. 

An important function of the Institute has been, 
from its beginning, to give recognition to achievement 
in aeronautics and to encourage outstanding work in 
its related technical fields. The Institute honors 
made notable or valuable contributions in one of the 
aeronautical sciences or aeronautical engineering’ by 
the annual presentation of Honorary Fellowship and 
Fellowship awards. 

It also presents various awards and certificates of 
citation to those individual pilots, engineers, and 
scientists who make the most notable contributions to 
the advancement of aeronautics, aviation medicine, 
and aerology each year. 

Since the Institute’s membership is composed largely 
of those individuals and firms who have developed the 
aeronautical sciences to their present-day levels, the 
foremost privilege offered any member is the advantage 
of association, contact, and collaboration with such 
members in a mutuality of interests and purposes 
Through national and local Section meetings, organized 
and supervised by the Institute, personal contacts and 
exchange of ideas are afforded to IAS members 


IAS MEETINGS 


The Institute holds two general meetings annually, 
one in New York in January (4-5 days of Technical 
Sessions, plus the Honors Night Dinner) and one in Los 
Angeles in summer (3-4 days of Technical Sessions, 


plus field trips and a dinner). Other more specialized 
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meetings are alsoscheduled. In 1955-1956 there were 


the following additional events: 


(1) CAI-IAS Joint International Meeting, 
Ont., Canada, November 3—4, 1955. 

(2) Inspection tour of WADC, Wright-Patterson AFB, 
Ohio, November 9-10, 1955. 

(3) Nineteenth Wright Brothers Lecture, Washington, 
D.C., December 17, 1955. 

(4) Eleventh Annual Flight Propulsion Meeting 
NACA), Cleveland, March 9, 1956. 

(5) ASME-ARS-IAS Conference on Air Cargo & Air 
Logistics and on Thermal Barrier, Los Angeles, 
March 14-16, 1956. 

(6) National Conference on Aeronautical Electronics, 
jointly with IRE, Dayton, Ohio, May 14-16, 
1956. 


(7) Turbine-Powered 


Ottawa, 


with 


Air Transportation 
San Diego, Calif., August 15-17, 1956. 

(S) National Telemetering Conference, jointly with 
AIEE, IRE, and ISA, Chicago, August 20-21, 
1956. 


Meeting, 


In addition to the IAS National Meetings, the 27 
local Sections held over 270 technical meetings during 
the year. During the same period, our 74 Student 
Branches held some 450 meetings. 


IAS LIBRARY SERVICES 


Since its inception, the IAS has recognized the value 
of a comprehensive, up-to-date library to the aero- 
nautical engineer and scientist. Through the library, 
he has access to the vast body of aeronautical knowl- 
edge—the record of advances in the aeronautical sci- 
ences and the results of theoretical and experimental 
investigations. 

The LAS Library in New York maintains an extensive 
collection spanning many years of aeronautical research 


and development. More than 8,000 technical books, 
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5,000 volumes of periodicals, and 50,000 reports are 
indexed and cataloged. An active acquisition program 
constantly brings in new publications from many coun- 
tries, in many languages. 

Through a liberal circulation policy, many thousands 
of reports and periodicals, as well as books, are loaned 
by mail each year to Individual and Corporate Mem- 
bers. Photocopy facilities are available for those who 
need retention copies, and the Library's specialized 
reference tools provide access to literature on many 
subjects. 

A competent staff of editors and abstracters scans all 
current publications for prompt abstracting in the 
International Aeronautical Abstracts, Aeronautical 
Reviews, and Books sections of the AERONAUTICAL 
ENGINEERING REVIEW. Annually, these sections are 
cumulated into the AERONAUTICAL ENGINEERING INDEX. 

The Pacific Aeronautical Library in Los Angeles pro- 
vides its subscribers with interlibrary loan and reference 
services. It also issues a periodical and report index, 
available at cost to subscribers. 


IAS PUBLICATIONS 


In addition to its monthly technical periodicals, the 
AERONAUTICAL ENGINEERING REVIEW and the JourR- 
NAL OF THE AERONAUTICAL SCIENCES, the Institute 
publishes annually the AERONAUTICAL ENGINEERING 
CaTALOG, the AERONAUTICAL ENGINEERING INDEX, and 
a ROSTER OF MEMBERS. It also publishes the Proceed- 
ings of special meetings. 

The REVIEW contains aeronautical news; papers on 
applied engineering and aircraft production; and ab- 
stracts of articles, reports, and new books. The Jour- 
NAL publishes scientific papers on new research and de- 
velopments in all fields applied to aeronautics. The 
CATALOG is a guide to the manufacturers of all aircraft 
and guided missile products. 

Through the Sherman M. Fairchild Publication 
Fund, the IAS publishes specialized technical reports 
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and selected preprints of papers presented at regular 
Institute meetings. 

A number of publications designed to advance student 
interest and knowledge in the Aeronautical Sciences 
have been issued by the IAS under the auspices of the 
Minta Martin Aeronautical Student Fund and _ the 
Giannini Film Library Fund. 


IAS BUILDINGS 


The Institute’s building on Fifth Avenue, New 
York, overlooking Central Park, provides facilities 
worthy of the profession it serves. It houses the 
IAS libraries and museum collections, together with a 
staff to handle the Institute’s many services. 

Completed in 1949, buildings in Los Angeles and 
San Diego, Calif., provide auditoriums, meeting 
rooms, libraries, and other conveniences desirable for 
the activities of any scientific society. The western 
office of the Aircraft Industries Association and the 
Los Angeles office of the NACA are located in the Insti 
tute’s western headquarters building in Los Angeles 


Los Angeles 
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| IAS MEMBERSHIP REQUIREMENTS 


Excerpts from By-Laws 


Article |—Membership 


SECTION 1. All persons engaged in the practice of the 
aeronautical sciences or in other work which contributes to the 
advancement of the aeronautical sciences shall be eligible in one 
of the grades of membership of the Institute. Consideration in 
grading is given to professional education and experience, pub- 
lications, academic position, membership in other scientific and 
engineering societies, record of aeronautical designs created and 
contributions to scientific knowledge. A Bachelor’s Degree in 
science or engineering shall be considered the equivalent of four 
years of aeronatitical experience. All applicants must sign, 
before admission, an agreement that they will conform to the 
Constitution, By-Laws, and Rules of the Institute. 


SECTION 5. A Fellow shall have been an Associate Fellow 
for one year Or more and have attained a position of distinction 
in aeronautics. He shall have made notable and valuable con- 
tributions in one of the aeronautical sciences or in aeronautical 
engineering. Not more than ten Fellows residing in the United 
States and ten Fellows residing in foreign countries may be 
elected each year by vote of the Honorary Fellows and Fellows 
by secret mail ballot under rules prescribed by the Council. 
Fellows shall be proposed and elected by the Honorary Fellows 
and Fellows of the Institute residing in the United States. A 
favorable vote of three-fourths of those voting shall be required 
for election. 


SECTION 6. An Associate Fellow shall have been engaged 
for not less than ten years in the practice of the aeronautical 
sciences; and shall have been in responsible charge of important 
scientific or engineering work in aeronautics, or shall have done 
original work of outstanding character, or shall have otherwise 
made outstanding contributions to the aeronautical sciences. 
Applicants for this grade shall be recommended by not less 
than four members of the Institute of whom two or more shall 
be Fellows or Associate Fellows. 


SECTION 7. MEMBERS shall be persons who have been 
engaged in professional work for at least eight years and have 
acquired a recognized standing in engineering, design, research, 
instruction, test flying, the application of the aeronautical 
sciences, or the technical development of the manufacture or 
operation of aircraft, aircraft power plants or other essential 
components or accessories of aircraft. To qualify for this grade 
applicants shall be recommended by not less than four persons 
of whom not less than two shall be members of the Institute. 


SECTION 8. Associate Members shall be persons engaged 
in the application or development of aeronautics in adminis- 
trative or other positions and who have acquired a recognized 
Standing in aeronautics. Applicants for this grade shall be 
recommended by not less than four persons of whom not less 
than two shall be members of the Institute. 
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SECTION 10. Technical Members shall be former Student 
Members who have graduated and others engaged in scientific 
or engineering work in aeronautics or fields closely related to 
aeronautics. To qualify for this grade applicants shall be 
recommended by not less than four persons, one of whom shall 
be a member of the Institute. 


SECTION 11. Student Members shall be undergraduate or 
graduate students attending those universities or schools where 
branches of the Institute have been organized. Student Mem- 
bers shall comply with, and be subject to, the Rules for Student 
Membership adopted by the Council. 


SECTION 14. Honorary Fellows, Fellows, Honorary Mem- 
bers, Associate Fellows, MEMBERS and Associate Members 
shall be entitled to vote at meetings of the Institute, if in good 
standing. Proxies authorizing a voting member to vote for an 
absent member shall be signed by such absent member and shall 
be submitted to the Secretary in advance of the meeting for 
verification of the member’s right to vote. 


Article II—Dues 


SECTION 1. An entrance fee of Ten Dollars shall be payable 
on election to the grades of Technical Member, Associate Mem- 
ber, MEMBER or Associate Fellow, except that no entrance fee 
shall be payable by an applicant residing permanently outside 
the United States and Canada or by a Student Member applying, 
within the prescribed time limit, for admission as a Technical 
Member. 


SECTION 2. The annual dues shall be: 


Associate Members............ 

Technical Members over age 26...... ye 
Technical Members under age 26................. 6.50 
Student Members...... 


Dues shall include, except for Student Members, subscription 
to the AERONAUTICAL ENGINEERING REVIEW. Student Members 
may subscribe for the REVIEW at one-half the regular subscrip- 
tion rate. All members of the Institute residing in the United 
States and Canada may subscribe for the JOURNAL OF THE 
AERONAUTICAL SCIENCES at a special rate set by the Council. 


For members residing permanently outside the United States 
and Canada annual dues shall be $10.00 in all grades and shall 
include subscription to the AERONAUTICAL ENGINEERING REVIEW 
and the JOURNAL OF THE AERONAUTICAL SCIENCES. 


Beginning on the first of October next following his 26th birth- 
day dues of a Technical Member shall be the same as those of a 
MEMBER. 
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IAS HONORS 


AND AWARDS 


Honorary Fellows 


Honorary Fellows shall be persons of eminence in acro- 
nautics and are elected by the Fellows and Honorary Fel- 
lows of the Institute residing in the United States. No 
more than one person residing in the United States, nor 
more than one person residing in a foreign couniry, may 
be elected as Honorary Fellow in any one year 


J. Ackeret 

Joseph S. Ames (Deceased ) 
Henry H. Arnold (Deceased) 
Preston R. Bassett 

Frank W. Caldwell 

Ralph S. Damon ( Deceased ) 
Sir Geoffrey de Havilland 

. Walter S. Diehl 

James H. Doolittle 

Donald W. Douglas 

Hugh L. Dryden 

W. F. Durand 

Sir Richard Fairey 

Sir Wm. S. Farren 

Sir Roy Fedden 

Lester D. Gardner 

Leroy R. Grumman 

Sir Frederick Handley Page 
J. C. Hunsaker 

Sir B. Melvill Jones 


J. H. Kindelberger 

George W. Lewis ( Deceased 
Glenn L. Martin ( Deceased 
Peter G. Masefield 

George J. Mead (Deceased 
Clark B. Millikan 

J. H. Parkin 

J. Laurence Pritchard 

Sir David Pye 

Arthur E. Raymond 

Igor I. Sikorsky 

Sir Richard V. Southws 

Sir Geoffrey Taylor 

Sir Henry Tizard 

Th. von Karman 

Charles C. Walker 

Edward Warner 

Orville Wright (Deceased 
T. P. Wright 


The Octave Chanute Award 


This award was established by the Institute in 1939 to 
honor the memory of Octave Chanute, pioneer American 
aeronautical investigator, who died in 1910. It is pre 
sented annually for a notable contribution made by a pilot 
to the aeronautical sciences. 


1939—Edmund T. Allen (Deceased 
1940—Howard Hughes 

1941—Melvin N. Gough 

1942—Albert Lewis MacClain 

1943—William Henry McAvoy 

1944—Colonel Benjamin S. Kelsey 
1945—Robert T. Lamson and A. Elliott Merrill 
1946—Ernest A. Cutrell 

1947—Lawrence A. Clousing 

1948—Herbert H. Hoover ( Deceased) 
1949—Captain Frederick M. Trapnell 
1950—Commander Donald Bertram MacDiarmid 
1951—Lieutenant Colonel Marion E. Carl 
1952—John C. Seal 

1953—William B. Bridgeman 

1954—George E. Cooper 

1955—Major General Albert Boyd 

1956—A. M. Johnston 


The John Jeffries Award 


Honoring the memory of Dr. John Jeffries, an American 
physician who, with Blanchard, the French balloonist, 
made the first aerial voyage across the English Channel in 
1785 and on a previous voyage made the earliest recorded 
scientific observation from the atr, this award was es- 
tablished by the Institute in 1940 to give recognition to the 
importance to aviation of scientific endeavor in the field of 
medicine. Itis presented annually for outstanding contri- 
butions to the advancement of aeronautics through medical 
research. 


1940—Dr. Louis H. Bauer 

1941—Major Harry G. Armstrong 
1942—Dr. Edward C. Schneider 
1943—Brigadier General Eugen G. Reinartz 
1944—Air Marshal Sir Harold E. Wittingham 
1945—Commodore John C. Adams 
1946—Brigadier General Malcom C. Grow 
1947—Dr. J. Winfred Tice 

1948—Dr. W. Randolph Lovelace, II 
1949—Dr. Arnold D. Tuttle (Deceased) 
1950—Brigadier General Otis O. Benson, Jr. 
1951—Captain John R. Poppen 
1952—Lieutenant Colonel John P. Stapp 


1953—Captain Charles F. Gell 
1954—Dr. James P. Henry 
1955—Captain Wilbur E. Kellum 


The Robert M. Losey Award 


Established in 1940, this award honors the memory of 
Capt. Robert Moffatt Losey, a member of the Institute 
and a meteorologic officer of the Air Corps, who was killed 
at Dombas, Norway, April 21, 1940, while serving as an 


official observer for the U.S. Army. He was the first 


officer in the service of the United States to die in World 
War II. It 1s presented annually in recognition of out- 
standing contributions to the science of meteorology as ap- 
plied to aeronautics. 


1940—Henry Garrett Houghton, Jr 
1941—Horace Robert Byers 
1942—Francis Wylton Reichelderfer 
1943—Lieutenant Colonel Joseph J. George 
1944—John Cary Bellamy 
1945—Major Harry Wexler 
1946—Carl G. Rossby 

1947—Colonel Benjamin G. Holzman 
1948—Paul A. Humphrey 
1949—William Lewis 

1950—Roscoe R. Braham, Jr. 
1951—Ivan R. Tannehill 
1952—Vincent J. Schaefer 
1953—Henry T. Harrison, Jr. 
1954—Hermann B. Wobus 


1955—Lieutenant Colonel Robert C. Bundgaard 
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The Sylvanus Albert Reed Award 


The late Dr. S. A. Reed, designer of metal aircraft pro- 
pellers and a Founder Member of the Institute, made an 
endowment to the Institute in 1933 to provide an annual 
award to be presented for a notable contribution to the 
aeronautical sciences resulting from experimental or theo- 
retical investigations which have had a beneficial influ- 
ence on the development of practical aeronautics. The re- 
cipient of this award is chosen by ballot of the American 
Honorary Fellows and Fellows of the Institute. 


1934—C. G. Rossby and H. C. Willett 
1935—Frank W. Caldwell 
1936—Edward Story Taylor 
1937—Eastman Nixon Jacobs 
1938—Alfred Victor de Forest (Deceased) 
1939—George J. Mead (Deceased) 
1940—Hugh L. Dryden 

1941—Th. von Karman 

1942—Igor I. Sikorsky 

1943—Sanford A. Moss (Deceased) 
1944—Fred E. Weick 

1945—Charles S. Draper 
1946—Robert T. Jones 

1947—Galen B. Schubauer and Harold K. Skramstad 
1948—George W. Brady 
1949—George S. Schairer 
1950—Robert R. Gilruth 

1951—E. H. Heinemann 

1952—John Stack 

1953—Ernest G. Stout 

1954—Clark B. Millikan 

1955—H. Julian Allen 


The Lawrence Sperry Award 


This award was endowed in 1936 by the sister and 
brothers of the late Lawrence Sperry, pioneer aviator and 
inventor, who died in 1923 at the age of 31. It is pre- 
sented annually for a notable contribution made by a 
young man to the advancement of aeronautics. 


1936—William C. Rockefeller 
1937—Clarence L. Johnson 
1938—Russel C. Newhouse 
1939—Charles M. Kearns, Jr. 
1940—William B. Oswald 
1941—Ernest G. Stout 
1942—Edward C. Wells 
1943—William B. Bergen 
1944—William H. Phillips 
1945—Richard Hutton 
1946—Peter R. Murray 
1947—Commander Noel A. M. Gayler 
1948—Allen E. Puckett 
1949—Alexander H. Flax 
1950—Frank N. Piasecki 
1951—Robert C. Seamans, Jr. 
1952—Dean R. Chapman 
1953—Donald Coles 

1954—A. Scott Crossfield 
1955—Giles J. Strickroth 


Wright Brothers Lecture 


The Wright Brothers Lecture is presented annually on 
December 17, the anniversary of the first airplane flight 
made by the Wright Brothers. It is endowed by the Ver- 
non Lynch Fund and was established in 1937. The Lec- 
turers are distinguished aeronautical scientists from this 
country and abroad. 


B. Melvill Jones Flight Experiments on the Boundary 
Layer 

Turbulence and the Boundary Layer 

The Influence of Running Propellers on 
Airplane Characteristics 

Recent Fog Investigations 

New Pathways in Aeronautical Theory 

Flight Testing for Performance and 
Stability 

Research for Aeronautics—Its Plan- 
ning and Application 

Compressible Flows in Aeronautics 

British Aircraft Gas Turbines 

Supersonic Aerodynamics—Principles 
and Applications 

Low Drag and Suction Airfoils 

Research on Aircraft Propulsion Sys- 
tems 

Some Factors Affecting Large Trans- 


Hugh L. Dryden 
Clark B. Millikan 


Sverre Pettersen 
Richard V. Southwell 
Edmund T. Allen 

W. S. Farren 

John Stack 

H. Roxbee Cox 

Th. von Karman 


Sydney S. Goldstein 
Abe Silverstein 


A. E. Russell 


port Aeroplanes with Turboprop 
Engines 

William Bollay Aerodynamic Stability and Automatic 
Control 


P. B. Walker The Experimental Approach to Air- 
craft Structural Research 

Technical Trends in Air Transport 

The First Half-Century of Flight in 
America 

The Fatigue Life of Airplane Struc- 
tures 

Some Structural and Aeroelastic Con- 
siderations of High-Speed Flight 


William Littlewood 
Glenn L. Martin 


Bo Lundberg 


R. L. Bisplinghoff 


Minta Martin National Awards 


This award 1s presented annually for the best technical 
papers given at IAS Regional Student Competitions. 
1955—David L. Cochran, Graduate Division 
Voight R. Hodgson, Undergraduate Division 
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IAS SECTIONS 


Sections of the Institute are operating in 27 


eronautical activity in the United States. 


Local Institute act 
ng members and for the interchange of technical ideas through regularly 
The IAS Sections and the rs are listed below 


Atlanta 
C(nairman 
Vice-Chairman 
Secretary 
Treasurer 


Baltimore 
Cnatrman 
Vice-Chatrman 
Secretary 
Treasure? 
Boston 


Chatrman 
Vice-Chairman 
Secretary 
Treasure) 


Chicago 
Chatrman 
Vice-Chairman 
Secretary 
Treasures 


Cleveland-Akron 
Chatrman 
Vice-Chairman (Cleveland 
Vice-Chairman (Akron 
Secretary 
Treasurer 
Columbus 


Chatrman 
Vice-Chairma) 
Secretary 
Treasurer 


Dayton 
Chairman 
Vice-Chairman 
Secretary 
Treasurer 


Detroit 
Chatrman 
Vice-Chairman 
Secretary 
Treasurer 


Hagerstown 
Chatrman 
Vice-Chairman 
Secretary 
Treasures 


Hampton Roads 
Chairman 
Vice-Chairman 
Cor responding Secreta 
Recording Secretary 
Treasures 


Indianapolis 
Chairman 
Vice-Chairman 
Secretary 
Treasurer 


Los Angeles 
Chairman 
Vice-Chairman 
Secretary 
Treasure 


New York 


Chairman 
Vice-Chairman 
Secretary-Treasurey 


Niagara Frontier 
Chairman 
“tce-Chairman 
Secretary . 
Treasurer 


Arnold I 
W. R. Rh 
E. S. Willian 
Edith H. I 


R. W. Sanf 
L. S. Jab 
R. G. Clar 
M. Duke 


Edward I 
John B. 7 
Daniel J 
Eugene E 


Leland W 

Harry W. W 
Robert F. H 
W. H. Tart 


Bruce 7 
Howard I 

C. M. Be 
John C. Ey 
William A. I 


Rudolph I 
F. A. Wed 
F. L. Bagby 


Peter L. Mar 


Gunther R 

T. J. Keatin 
Walter E. St 
Frank E. Cart 


Ludwig 
C. Vogel 
Fred J. Wilh« 
Richard Ch 


J. A. Neilson 
W. Brad 
E. F. Kukle 


Richard E. K 
Lewis R. Fisher 
Paul A. Hunt 
Richard T. Whit 
Axel T. Mattsor 


Robert E. Sa 
R.C ler 
John A. D 

James D. An 


Welko E. Ga 
M. C. Hade 

A. Carah 

C. F. Sardo 


Richard G. Bow 
Nicholas J. H« 
C. H. S. Mur 


James O'Ma 
David Whitcon 
Ronal Crismar 
Daniel Hard 
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Chatrman 


Vice-Chairma 


Secretary 
Treasure 


Chatrma 
Vice-Chatrmap 
Secretarte 


Treasure? 


Chatrma» 
Vice-Chaty 


Chairman 


Vice-Chairman 


Secretary 
Treasures 


Philadelphia 


Rocky Mountain 


San Antonio 


San Diego 


San Francisco 


Seattle 


St. Louis 


Texas 


Tullahoma 


Tulsa 


Twin Cities 


Washington, D.C. 


Wichita 


Earle Stewart 
Harold Kaufman 
Marjorie Hecht 
Frank Mamro! 


Vincent J. Bracha 
Alison M. Arnold 
Arthur W. Gilmore 
William R 


uc 


Claude W. Smith 
William C. Robinson 
Joseph Draper 
Raymond J. Tolosko 


Earl R. Hinz 

H. C. Matteson 

D. P. Germeraad 
2. A. Fuhrman 

P. E. Culbertson 


George E. Coope 
Russell G. Robinson 
Jack A. Bert 
Robert M. MclIvers 


I Goodmanson 
R. E. Bateman 


J. F. Yardley 
L. A. Smith 
W. J. Blatz 
L. A. Perrin 
D. W. Allen 


James B. Delano 
Robert LeBeck 
Gene H. Hull 
Ray W. Harvey 


Clark L. Marks 
Everett W. Garrison 
Gertrude H. Fila 
Richard M. Gilmore 
R. B. Jenny 


Rudolph Hermann 
Thomas Chase 
Herbert Johnson and 
Robert Holdahl 

Art Jones 


Thomas L. K. Smull 
Alfred B. Metsger 
George T. Hayes 
Gerald L. Desmond 


J. H. Gerteis 
S. H. Hinton 
E. J. Sullivan 
P. A. Jackson 


= 
Cnatrma 
Vice-Chai 
Secretar 
Treasur 
Chairmar 
Vice-Chairma 
Secretar 
Treasurer 
Chairn 
Vice-Chairma 
Secretar 
Treasur 
Chatrmay 
Vice-Chairma 
Corre nding Secreta 
Recording Secreta 
lrea 
Chairma 
Secreta 
Treasur 
Vice-Che 
2 retar r. V. Dav 
Trea ? M. E. Kirchner 
Vicech 
Vice-Chatrma 
Correst ing Secreta 
Recording Secretary 
Treasurer 
R. J. Pattor 
C. L. Turner, Jr 
E. H. Flatt 
Chairma 
Vice-Chatrma 
Secretar 
Vice-Chatrma» 
Recording Secreta 
Corresponding Secreta 
Treasure 


| IAS STUDENT BRANCHES 


Three thousand Student Members of the IAS are served by the activities of Student Branches functioning in 74 colleges and 
universities. The Institute's student program augments the dissemination of technical knowledge and encourages professional 
consciousness among students of the aeronautical sciences. Student Branches and Faculty Advisers are listed below. 


mith 
obinson 


Academy of Aeronautics 

The Aeronautical University . 
Agricultural & Mechanical College of Texas 
Alabama Polytechnic Institute . 
Boston University 

Brown University . 

California Institute of Technology 
California State Polytechnic College 
Carnegie Institute of Technology 
Case Institute of Technology 
The Catholic University of America 
Cornell University . . 
Georgia Institute of Technology 
Harvard University 


Ivo J. Fioravanti 


Alfred F. Stott 


E. E. Brush 

Robert G. Pitts 
Leonard J. Waxer 
Paul F. Maeder 
Max L. Williams, Jr. 
Lester W. Gustafson 
Clarence M. Tyler, Jr. 
Ray E. Bolz 

Eli Amanuel 

Carlo Riparbelli 
John J. Harper 


Arthur E. Bryson 
Tolosko Illinois Institute of Technology Stothe P. Kezios 
Indiana Technical College B. L. Dow 
Iowa State College . E. W. Anderson 
The Johns Hopkins University G. L. Bryan 
son Kansas State College . Frank J. McCormick 
raad Kent State University. Peder A. Otterson 
ae Louisiana State University . E. E. Maser 
Massachusetts Institute of Technology James W. Mar 
Mississippi State College . Franklin S. Edwards 
New York University. . Frederick K. Teichmann 
bin: North Carolina State College Robert M. Pinkerton 
North Dakota Agricultural College Frederick W. Stuve 
Mciver Northrop Aeronautical Institute Richard Charles Smith 
The Ohio State University . Sheng To Chu 
Oklahoma Agricultural and Mechanical College L. J. Fila 
nanson Oregon State College . H. D. Christensen 
an Parks College of Aeronautical Technology Richard B. Trefny 
oer The Pennsylvania State University . John A. Fox 
Polytechnic Institute of _— Joseph Kempner 
Princeton University . David C. Hazen 
; Purdue University . P. E. Stanley 
Rensselaer Polytechnic Institute Hubert C. Mattice 
San Diego State College Charles Morgan 
. San Jose State College . John G. Allen 
| Stanford University S. J. Kline 
Stevens Institute of Technology B. K. Erdoss 
Syracuse University Salamon Eskinazi 
a Tri-State College Charles Libove 
a University of Alabama . Edward W. Geller 
University of California in Berkeley , Lawrence Talbot 
University of California in Los Angeles . Robert A. Needham 
University of Cincinnati et Bradley Jones 
naar University of Colorado Franklin P. Durham 
feck University of Detroit . Edward A. Szezepaniak 
ill University of Florida . William H. Miller 
or University of Illinois . ; Harry H. Hilton 
University of Illinois in Chicago : Fred W. Schroeder 
University of Kansas . Ammon §S. Andes 
irks University of Kentucky . K. O. Lange 
ee University of Maryland . George P. Maggos 
Gilmore University of Michigan . R. B. Morrison 
) University of Minnesota A. E. Cronk 
University of Notre Dame F. N. M. Brown 
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Janitrol 
Dubl-Lock* couplings 


double safe 


Janitrol’s newest line of light-weight Dubl- 
Lock* couplings (clamp and flanges ) provide 
extra safety for extremely critical bleed-air 
duct connections on jet aircraft. If bolt un- 
latches or fails, Dubl-Lock* couplings main- 
tain the seal . . . positively prevent coupling 
failure! How it protects: when lock nut is 
tightened, barbed tang automatically moves 
into position and locks the clamp tight, even 
if bolt fails completely. To release, unscrew 
lock nut—apply thumb pressure. 

Both Janitrol’s Dubl-Lock* and Standard 
lines of couplings save up to 40% in weight, 
couple and uncouple with ease as often as 
necessary, require no compounds or sealing 
devices because flange seal is metal-to-metal. 
They withstand high temperatures, high pres- 
sures, surges, vibration, misalignment, and 
corrosion. Dubl-Lock* line: 13 sizes available 
—2” to 6”. Standard line: 15 sizes—1 42" to 6". 

Call your nearest Janitrol representative 
or write direct. 

Janitrol Aircraft-Automotive Division, Sur- 
face Combustion Corporation, Columbus 16, 
Ohio . . . District Engineering Offices: Wash- 
ington, D. C., Philadelphia, Columbus, Fort 
Worth, Hollywood. 


*Trademark of Surface Combustion Corporation 


COMBUSTION SYSTEMS, HEAT EXCHANGERS, PNEUMATIC CONTROLS 
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From Kidde: 


Push-button fire fighting! 


The extinguishing agent: CF:BR, CB, MB, 
CF2BRez or CO2. .. pressurized in “Main” and 
“Reserve” spheres of strong, lightweight steel. 

The method of operation: Manual actuation 
(cable or electrical switch) by the pilot. 

The discharge time: Almost instantaneous—from 
5 to .9 of a second. 

Designed and perfected by Kidde aviation 
engineers, specialists in aircraft fire fighting prob- 
lems for more than 25 years, Kidde Nacelle Fire 
Extinguishing Systems offer dependable, fast-act- 
ing protection plus almost unlimited installation 
flexibility. 

For recharging and service, Kidde has strategi- 
cally located stations in the United States, Canada 
and throughout the world. 

For further protection: The Kidde Aircraft Con- 


de 


tinuous Automatic Resetting Fire Detector, whose 
sensitive, nacelle-installed element immediately 
signals the pilot at the first sign of fire or abnormal 
engine overheat. 

Kidde engineers are now working hand in hand 
with those interested in aircraft fire protection and 
safety, developing new extinguishing agents, cor- 
rosion inhibitors and special systems for ambient 
temperatures up to 250° F. Other Kidde aircraft 
safety projects include high pressure oxygen equip- 
ment, inflation equipment, flotation equipment, 
crash fire prevention systems, purging and pressur- 
ization systems. 

If you have a problem involving aircraft safety, 
contact the manufacturer of more than 95% of the 
aviation fire extinguishing systems installed on 
U. S.-built planes. Write Kidde today. 


19] 


Walter Kidde & Company, Inc., 911 Main St., Belleville 9, N. J. 


Walter Kidde & Company of Canada Ltd., Montreal—Toronto 
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Domesticating the atom to 
serve mankind has intrigued 
science for over a decade. 
One top priority application, 
secretly under way for several 
years at Lockheed: developing 
a nuclear-powered plane as 


different from present types 


as a supersonic jet is from the 


first stick-and-wire biplane. 


IMAGINE A GIANT AIRCRAFT SOARING ALOFT, 
NOT WITH TONS OF GASOLINE, BUT WITH A 
URANIUM FUEL SUPPLY NO BIGGER THAN 
A HANDFUL OF GRAVEL. EVENTUALLY, SUCH 
A PLANE-OF-THE-FUTURE—WITH THIS SCANT 
FUEL SUPPLY—WILL GIRDLE THE GLOBE NON- 
STOP BETWEEN SUNRISE AND SUNSET. 


More than a dream, this incredible aircraft is now 
being developed by Lockheed for the U.S. Air 
Force despite problems of propulsion, structures 
and materials, the 
producibility and mainte 


lynamics, crew survival, 
nance unique in aviation. 


Old concepts are being shelved, traditional 
tions rejected. The kind of aeronautical adva 
that once took a generation of research are now| 
telescoped into a few months, even weeks. 


Soon several hundred nuclear scientists and¢ 
neers from Lockheed’s Georgia Division @. 
move to the North Georgia mountain cou, 
There on a vast site—some 40 miles from U * 
Air Force Plant No. 6 at Marietta, operated 
Lockheed—will be built the nation’s largest fad 
for the development of atomic-powered aif 


The exact status today of U. S. atomic pi 
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ered aircrd 


. atomic p 


lopment is still a military secret. But the 
gic importance of the “A-plane” to our 


ton can hardly be exaggerated. It will be an 


mat with a new dimension—endurance un- 
uted. Its immense range and round-the-world 


trol capabilities are certain to revolutionize air 


xstics—freeing military aircraft from shackles 
sently imposed by fuel capacity and air- 
location. 


EDAY WHEN AMERICA’S FIRST NUCLEAR- 
WERED AIRCRAFT BECOMES OPERATIONAL 
IL BE ONE OF THE TRULY SIGNIFICANT 
TES OF AVIATION HISTORY. 


Look to Lockheed 
for Leadership 


Aircraft Corporation 


California Division, Burbank, Calif. 
Georgia Division, Marietta, Ga. 

Missile Systems Division, Van Nuys, 
Palo Alto, and Sunnyvale, Calif. 
Lockheed Air Terminal, Burbank, Calif. 
Lockheed Aircraft Service, Ontario, Calif. 


LOCKHEED 


LOCKHEED’S 
NEWS 
COLUMN 


Detection of Heart Disease —our 
nation’s #1 killer—is being 
speeded with aid of Lockheed’s 
battery of super-fast electronic 
brains that are correlating the 
studies sponsored by the Nash 
Cardiovascular Foundation. Ten 
minutes’ work sandwiched be- 
tween computations at the Missile 
Systems Division gives the cardi- 
ologist complete and accurate 
harmonic analysis of electrocar- 
diograms that speed his vital 
research immeasurably... 


Radiant heating, first time used in 
any airliner, will be one of the 
many new creature comforts of 
Lockheed’s up-coming propjet 
Electra. Heating wires in walls 
and ceilings work like electric 
blankets to give no-draft, no-hot- 
spot comfort... 


Atomic plane concept on a recent 
cover of Newsweek was not 
based in any way on Lockheed’s 
Georgia Division ANP (Aircraft 
Nuclear Power) Project. That 
plane will really surprise you... 


_25,000 Lockheed stockholders in 


every state of the union learned 
in mid-August that sales reached 
approximately $345 million for 
the first half of 1956. In a like 
period 20 years ago sales were 
less than one million... 


Univac’s newest cousin Si (for 
Scientific) will be the top quiz kid 
in the battery of analogue and 
digital brains at Lockheed’s Mis- 
sile Systems’ Computer Center. 
Si, first Model 1103A Univac in 
use, “thinks” up to 100 times 
faster than other computers... 


A nationally-known Los Angeles 
physician, after periods of in- 
tense nerve strain, goes to the 
airport, buys a round-trip ticket 
to New York on a Super Constel- 
lation, spends a quiet day at the 
Waldorf-Astoria, and comes 
back on the next flight. Says: 
“It relaxes me”... 


Hercules C-130 performance data 
just released show that the USAF 
strong-man can haul 20 tons of 
cargo right on the contrails of a 
fast jet tactical force. 100 mph 
faster than present combat 
transports, Hercules climbs fully 
loaded to 2500 feet altitude in 
just one minute. 
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How Holley’s 
Compressor Governors 
Help New Jets to 


Supersonic Speeds 


“City-savers” Air Force men call them: the J-57- 
powered F-100, F-101, F-102 and Navy F8U, with 
level flight speeds faster than sound. And city-savers 
they could well be. Certainly their rapid approach 
to the fringe of Mach 2 heralds a new era in the 
progress of jet flight. 


Sharing in the development of this new brood of 
supersonic fighters, Holley engineers, working close- 
ly with Pratt & Whitney Aircraft on the J-57 engine, 
designed the compressor bleed governor. 


This new Holley compressor bleed governor is one 
more example of Holley’s continuing leadership in 
the design, development and manufacture of supe- 
rior engine control systems for both military and 
civilian use 


and manufacture 
of aviation fuel 
metering devices. 
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Sprints from 


deck to stratosphere 


His beat is the oceans of the world. His job, 
to challenge unknown intruders on our de- 
fense perimeters. A Navy pilot is a seagoing 
sentry on 24-hour duty. 


A major role in this job of positive inter- 
ception—and as far from our shores as possible 
—is being assigned to the Douglas F4D Sky- 
ray. Less than a minute after leaving the 
deck, Skyray can soar past the 10,000-ft. 
mark. Seconds later it’s hissing through the 
stratosphere . . . 35,000 feet up... at the 
ready with rockets and cannons. 

This rate of climb comes as no surprise. 
Skyray also holds the world’s official F.A.I. 
sea level speed records for the 3- and 100- 
kilometre courses. 


Douglas F4D Skyray—fastest carrier-based 
interceptor. Performance of agile Skyray continues 
the Douglas tradition of “faster and farther with 
a bigger payload.” Yet performance figures are 
meaningless without a skilled pilot at the controls. 
If you are interested in a career as a Naval Aviator, 
write Nav. Cad. Washington 25, D. C. 
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a New 


400 CYCLE technical bulletin 
MOTOR 


with integral gear box 
for use in missiles and 


jet aircratt 


EEMCO Type D-899 is a compact, light weight 400 
cycle, 3-phase motor with an integral gear box that 
operates on 200 volt power. It was designed by 
EEMCO especially for use in supersonic aircraft and 
missiles and meets MIL-M-7969-(ASG) specifications. : : 

Weighing only 11.25 pounds, it has a continuous 

output of 2.75 HP at 3140 RPM at the gear box. The R.P.M.: 3140 RPM output at gear box. 

power factor is 83% while the overall efficiency of 0% 

the unit is 76%. Mounting flange is made to Spec. Military Specification: Meets MIL-M-7969-(ASG). 
AND-20,000 Weight: 11.25 pounds. 


A ; Comments: Type D-899 may be made splash- and 
A feature in the design of EEMCO Type D-899 is that the gear box drip-proof with minor alterations. 


acts as the motor support which places the base at approximately the 
center of gravity of the motor-pump assembly. This enables the unit 
to withstand the extreme shocks and vibrations encountered in super- 
sonic aircraft and missiles. With minor alterations, the motor can be 
made splash- and drip-proof. 


Type D-899 is another example of the fine craftsmanship found in all i j i 

EEMCO products. EEMCO’s entire effort is confined to the design and Electrical Engineering 
— of — and —_ actuators and special motors of high- and MW n t t P c 

output light-weight ratio. Many of the latest jet aircraft and missiles 

being developed or delivered carry EEMCO units. EEMCO products are a u ac uring orp. 


also used for industrial applications where precise control tolerances 
are imperative. 


SPECIFICATIONS OF EEMCO 
TYPE D-899 MOTOR 


Los Angeles 16, California 


Designers and producers of motors, Telephone: REpublic 3-0151 
linear and rotary actuators... exclusively 
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33 Ogden Ave., East Williston, L,I, 


BRANNON, Ward (M), Supvr., Flight Test 
Analysis, Northrop Aircraft, Inc., Haw. 
thorne, Calif. Mail: 12315 Stanwood Dr, 
Los Angeles 66, Calif. 

BRANSFORD, Carroll K. (M), Sr. Engr 
Products ‘Application Dept., Shell Oil & 
P.O. Box 262, Wood River, Ill. 

BRANSON, Carl F. (TM), Aerodynamics Engr. 
Cessna Aircraft Co., Wichita, Kan Mail: 
916 Fabrique, Wichita 18, Kan. 

BRANSON, Orland (M), Engr., 
Mail: 
land, Ca 

BRANSTROM, Donald F. (M), Nuclear Plan. 
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AGT Div., G-E Co., Cincinnati 15, Ohi 

BRANT, Donald A. (TM), Layout Drafts. 
man, Stainless Steel Products Inc., Burbank, 
one Mail: 19911 Stagg St., Canoga Park’ 


BRANTLEY, James Q., Jr. (M), 
Engr., Cornell Aero. Lab., Buffalo, 

BRASLOW, Albert L. (M), Head, Gen. Aero- 
dynamics Sect., Full-Scale Research Diy 
NACA, Langley Field, Va. Mail: 116 Blount 
Point Rd., Va. 

BRATT, Robert W. (M), Design Specialist, 
Douglas Aircraft Co., El Segundo, Calif. 
sa 428 Via Linda Vista, Redondo Beach, 


Cal 

BRAUN, Arthur (M), Head, Aviation Trainers 
Br., Aviation Div., pecial Devices Center, 
ONR, Port W ashington, N.Y. Maz: 3 Drift. 
wood Dr., Glen Cove, N.Y. 

BRAUN, Chester Vai (M), Sales_ Engineer, 
McDonnell Aircraft Corp., St. uis, Mo, 
Mail: Route 3, Creve Coeur, Mo. 

BRAUN, Gerhard W. (AF), Ch.. Analysis Br, 


Hydro- Aire, 
11011 Langmuir, Sun- 


Research 


Tech. "Analysis Div., Holloman ADC, Hollo. 
man AFB, N.M. Mail: 2308 Pecan Drive, 
Alamogordo, N.M. 

BRAUN, Lt. Joseph J.. USN (TM), Naval 
Aviator, Nav. Adm. Unit, M.I.T., Cambridge, 
Mass 

BRAUN, Max T. (M), Struct. Engr., Boeing 


Airplane Co., Seattle, Wash. Mail: 19254 
Edgecliff, Sez attle 66, Wash. 
BRAUNSTEIN, Jules (M), Material Review 
Engr., Republic Aviation Corp., Farmingdale, 
Ma:l: 145 Orchard St., Plainview, 


BRAY, Gr. Capt. Raymond Harris, RCAF 
(TM), Sr. Tech. Staff Officer, RCAF, Air 
Defence Command, St. Hubert, (¢ Quebec, 


Canada. 
BRAY, William G. (TM), Proj. Engr., Aero- 
The Reflectone Corp., Post Rd., 


Mech. Devel., 
Stamford, Conn. Mail: 3 Newmarket Rd., 
Svosset, 


N. 
BRAZIER, J. Grant (TM), Wind Tunnel Test 
Gr. Le ader, Douglas Aircraft Co., Inc., El 


Segundo, Calif. Mail: 1630 Malcolm Ave., 
Los 24, C 
BREARLEY, Wm. Jr. (M), Mer. Stds. 


Engrg. & y Design, Engrg. Products 
Div., RCA, Camden, N.J. Mail: 407 Alex- 
ander Ave.. Drexel Hill. Pa. 
BRECK, Lawrence W. (AM), District Sales 
Mer., Aviation Div., The Weatherhead hee 
Ohio. Mail: 2828 S. Moreland 
Blvd., Cleveland 20, Ohio. 
BREED, Carl H. (TM), Sr. Proj. Engr., Spar- 
ton Electronics. Jackson, Mich. Mail: 857 
E. Michigan, Grass -— _ Mich. 
BREEDEN, J. S. (M), Engr. 
Airlines, Tulsa, Okla. 
Tulsa 5, Okla 
BREESE, Vance (M), Consultant, 258 S. Car- 
melina Ave., Los Angeles 49, Calif. 
BREIDENSTEIN, Richard M. (TM), Aero- 
dvnamicist, Bell Aircraft Corp., Buffalo 5, 
N. 180 McKinley Parkway, Buffalo 


BREIER, Uri (M), Pilot, El-Al, Israel Air- 
line, Tel- Aviv, Israel. Mail: ‘90 Mortlake 
Road, Kew-Gardens, Surrey, London, England. 

BREITENBACH, Max “J” (TM), Sr. Struct. 
Ener., Convair, San Diego, Calif. 

BREITWIESER, Charles J. (M), Lear, Inc., 
3171 S. Bundy Dr., Santa Monica, Calif. 

BREMER, Paul H. (M), Ch. Struct. Engr., 
Lockheed Aircraft Corp., Marietta, Ga. 
ada 1255 Moores Mill Rd., N.W., Atlanta, 


BRENNER, Claude W. (M), Proj. Engr., Al- 
lied Research Associates, Inc., 43 Leon St. 
Boston 15, Mass. 

BRENNER, Major George P., USAF (TM), 
Ch., Engrg. Services Br., AF Armament 
Center, Eglin AFB, Fla. Mail: 98 S. Choc- 
tawhatchee Rd., Ft. Walton, Fla. 


Struct., Am. 
Maal” 3110 So. Toledo, 


BRENNER, Harry S. (M), Dir. of Engrg. 
Olympic Screw & Rivet Corp., 11445 So. 
Dolan St., Downey, Calif. Mail: 309 S. 


Alexandria Ave., Los Angeles 5, Calif. 
BRENTNALL, Gerald J. (AM), Dept. Mar. 
Lockheed Aircraft Corp., Burbank, Calif. 
Mail: 5917 Nagle Ave.. Van Nuys, Calif. 
BRESIN, Sheldon O. (TM), Acrodynamicist, 
Northrop Aircraft, Inc., Hawthorne, Calif. 
Mail: 713 Pepper ’St., Anaheim, Calif. 
BRETOI, Remus N. (M), Research Proj. Engr., 
Aero. Div., Minneapolis-Honeywell Regula- 
tor Co., Misses inn. Mail: 1921 Ben- 
jamin St., N.E., arora 18, Minn. 
BRETT, John s. (TM), Asst. Div. Mgr., Kear- 
fott Co.. Little Falls, N.J. 
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 


5 of today’s 


most challenging fields 


RECORD-SETTING JETS 


In-the-skies examples of North American’s 28-year his- 
tory of outstanding military aircraft are the U. S. Air 
Force F-100 SUPER SABRE—the world’s first supersonic 
operational fighter and holder of the first official super- 
sonic speed record—and the new FJ-4 FURY, latest of 
the Navy’s famous carrier-based FURY jets. 


AUTOMATIC CONTROLS MAN HAS 
NEVER BUILT BEFORE 


AUTONETICS is one of the few companies in 
this country with a 10-year reservoir of experi- 
ence in the development, testing and produc- 
tion of complete electro-mechanical systems, 
including autopilots, autonavigators, armament 
controls, computers and special products. 


AUTONETICS 
A Division of North American Aviation, Inc 
12214 Lakewood Blvd., Downey, California 


SPACE-SHATTERING MISSILES 


PIONEERS IN THE CREATIVE USE 
OF THE ATOM 


ATOMICS INTERNATIONAL is currently build- 
ing or planning nuclear reactors for Armour 
Research Foundation; a prominent southern 
California medical school; the Sodium Reactor 
Experiment (power); and other research and 
power reactors in the U. S. and abroad. 


ATOMICS INTERNATIONAL 
A Division of North American Aviation, In 
P.O. Box 309, Canoga Park, California 


In addition to the continuous development of super- 
sonic, piloted aircraft, North American is one of the 
leading sources of research and development on our 
nation’s long-range missile programs. It has complete 
weapons system responsibility for the U.S. Air Force 
SM-64 NAVAHO Intercontinental Guided Missile. 


BUILDERS OF POWER FOR 
OUTER SPACE 


In one short decade ROCKETDYNE has become 
the leading supplier of large, liquid-propellant 
rocket engines to our Armed Services and the 
guided missile industry ...and is daily further- 
ing technology on all phases of rocket engine 
design, development and manufacture. 


ROCKETDYNE 
A Division of North American Aviation, Inc r 


6633 Canoga Ave., Canoga Park, California 


NORTH AMERICAN AVIATION, INC. ARs 


Los Angeles, Downey, Canoga Park, Santa Susana and Fresno, Calif.; Columbus, Ohio; Nedsho, Missouri 
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BREUER, D. W. (M), Assoc. Prof. & Acting 
Head, Dept. of Mech., USAF Inst. of Tech 


BREUHAUS, W. O. (M), Asst. Head, Flight 
Research Dept., Cornell Aero. Lab., Inc., 
Buffalo, N.Y. Mail: Mill St., RFD, East 
Aurora, N.Y 

BREUL, Harry T. (TM), Research Engr., 
Aircraft Engrg. Corp., Bethpage: 
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BREWER, Given Ankeny (M), Cons. Engr., 
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BREWER, Norman David (TM), Processes 
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BREWER, Roger P. (TM), Sr. Engr., Plant 
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— Mail: 761 N. Howard St., Akron 10, 
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BREWER, Walter, Jr. (M), Principal Engr., 
Cornell Aero. ab., uffalo, N.Y. Mail: 
Castle Hill Rd., E. Aurora, N.Y. 

BRICK, James E. (TM), Asst. Engr., Am. Air- 
lines, Inc., Tulsa, Okla. Mail: 2119 N. 
Boston Pl., Tulsa, Okla. 

BRICKER, E. I. (AF), Test Engr. & Mgr., 
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BRICKLEY, H. (TM), Gen. Rep., Convair 
Div. of Gen. honatie Corp., Ft. Worth, Tex. 
Mail: 78 Mercury Ct., W. Springfield, "Mass. 

BRIDGFORTH, Robert M., Jr. (M), Sr. Gr. 
Engr., Boeing Airplane ee Seattle, 
Math: 4325 87th Ave., S.E., Mercer Island, 

ash, 

BRIDGLAND, Edgar P. (AF), Head, Power 
Plant Devel. Sect., Royal Canadian Air Force, 
Air Force Hq., Dept. of National Def., Ot- 
tawa, Ontario, Canada. in 304 Harmer 
Ave., Ottawa, Ontario, Canada. 

BRIE, Reginald Alfred Charles (AF), Official- 
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Mail: 26 Orford Gardens, Twickenham, Mid- 
dlesex, England. 
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Gr. Engr.—Helicopter Engrg. Div., McDon- 
nell Aircraft Corp., St. Louis, Mo. Mail: 
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BRIGGS, Chester A. (M),’ Dir., Exper. Pro- 
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— Woodchuck Hill Rd., West Simsbury, 


BRIGGS, Lyman J. ), Dir.—Emeritus, NBS, 
7. 25, D.C. Mail: 3208 Newark St., 
N.V Wash. 8, D. 

BRIGGS, Phillip E. " (TM), Design Engr., 
Sikorsky Aircraft Div., United Aircraft Corp., 
Bridgeport, Conn. Mail: 22 Locust Pk., 
Albany 5, N.Y. 

BRIGHT, Philip N. (M), Sect. Head, Struct. 
Design & Weight Control, Allison Div., Gen. 
Motors Corp., ndianapolis, Ind. 

BRIGUGLIO, Rocco J. (TM), Fl. Res. Engr., 
Sikorsky Aircraft Div., UAC, Bridgeport, 
Conn. Mail: 285 Washington Parkw ay, Strat- 
ford, Conn. 

BRILL, Murray A. (TM), Design Engr., 
Republic Aviation Corp., New York 7, N.Y. 
Mail: 690 Pennsylvania Ave., Brooklyn 7, 


BRILMYER, Harold G. (AF), V-P in Charge 
of Research, Huck Manuf. Co., 2480 Belle- 
vue Ave., Detroit 7, Mich. Mail: 472 St. 
Clair, Grosse Pointe 30, on tk 

BRINCKERHOFF, Wm. W. (AM), Pres., Air 
Carrier Serv. Corp., Air Carrier Supply Corp., 
Air Carrier Latino Americana, Inc., 1744 . 
St., Northwest, Wash. 6, D. 

BRINDLE, Clayton Carl (TM), Proj. Engr. 
(Aero.)- Supersonic Wind Re David Tay- 
ag Model Basin, Navy Dept., Cardirock, Md. 
Mail: 1213 Parrish Dr., Rockville, Md. 

BRINK, Glenn H. (M), Captain, American 
Airlines, Inc., LaGuardia Field, cm Mail: 
89 Remington Rd., Manhasset, L.I., N.Y. 

BRINKER, 2nd Lt. Robert C. (TM), Box 278, 
College Place, Wash. 

BRISING, Lars H. (F), V-P—Engrg., Saab 
Aircraft Co., Linkoping, Sweden. Mail: 
Bjalbogatan, 14, Linkoping, Sweden. 

BRISTOL, Fred W., Jr. (TM), Electro-Mech. 
Engr. The Glenn L. Martin Co., Baltimore 


BRITTAN, Raymond O. (TM), Proj. Engr., 
Argonne Natl. Lab., P.O. Box 299, Lemont, 
Ill. Mail: 511 Oak St., Plainfield, Ill. 

BRITTON, Samuel (AM), Bell Aircraft Tech. 
Editor, Bell Aircraft Corp., P.O. ox 1, 
Buffalo, N.Y. 

BRITTON, Sydney L. (AF), Ch. Projs. Engr., 

Orenda Engines Ltd., Toronto, Ont., Canada. 
Mail: 109 Ross Cissel Road, Toronto 18, Ont., 
Canada. 

BROADBROOKS, N. Bruce (M), Aerodynamics 
Supvr., North Am. Aviation, Inc., Los An- 
geles 45, Calif. Mail: 7224 McCool Ave., Los 
Angeles 45, Calif. 
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BROADSTON, James Andrew (M), Mer., 
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1 Ar Aviation, Inc., Canoga Park, 

gr. & Partner, Surface Check 
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BROADWELL, James E. (M), Assoc. Prof. of 
Aero. “ag ,» Dept. of Aero. Engrg., Univ. 
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of or" 1 Arbor, Mich. Mail: 707 Dun- 
can, Ar Arbor, Mich. 

BROBERG, ‘Ralph F. (M), Aero. Engr., Aero 
& Hy Br., Airframe Design Div., Buz Nees 
Navy D Wash. 25, D.C. Mail: Apt. 112 
5801 N. Washington Blvd., Arlington 5, V a. 

BROCARD, Jean (M), Directeur des Re- 
cherches. At teli ers d’Aviation Louis Breguet, 


+ Rue Georges Bizet, Paris, France. Mail: 
32 Rue La fouteint, Paris 16, France 
BROCK, F. J. (M) 5915 Cates, St. Louis 12, 


BROCK, Horace (M), Exec. V-P, New York 


Airways, I P.O. Box 426, LaGuardia Air- 
port St: Flust ing 71, N. 

BRODING, William C. (TM), Ch. Engr., 
Briones, S.A., Mexico, D.F. 

BRODSKY, Robert F. (M), Head, Aerody- 
namics Gr., Conv air Div. of Gen. Dynamics 
Corp., Pomona, Mail: 436 Stanford 


Dr., Claremont 

BROECKER, Harold “CPM), Gr. Leader, All- 
states Des. & Dev. Co., 1205 N. Dearborn 
Pkwy., Chic ago, Ill. Mail: 2140 N. Semi- 
nary Ave hicago 14, III. 

BROERE, Richard B. (TM), Sales Roar. 
Parker Aircraft Co., Los Angeles, Calif 
Mail: Box 848, Bayport, L.I., N.Y. 

BROERSMA, Goosen (M), Prof. & Ch. Engr., 

oyal Shipbuilding Co., Vlissingen, Holland. 
Mail: 32 Vincent v: an Goghlaan, Vlissingen, 
Holland 

BROKER, Robert H. (TM), Gen. Foreman, 
Template Shop, Chance Vought Aircraft, Inc., 
Dallas, Tex Mail: 711 Carswell Terrace, 
Arlington, Tex 

BROMBACHER, W. G. (F), Mech Engr. & 
Cons., NBS, Wash. 25, D.C Mail: 6914 
Ridgewood Ave., ( *hevy Chase 15, Md. 

BROMBERG, B. G. (AF), Ch. Engr., Missile 
Div., a nnell Aircraft Corp., St. Louis, 
Mo. Mi 1 811 Jackson St., St. Charles, Mo. 

BROOK, John c Cie). Stress Analyst, Boeing 


Airplane Co., Seattle, Wash. 
BROOKE, H. E. (TM), Chief of Hydrody- 
namics, Convair, San Diego, Calif. Mal: 


P.O. 783, Rancho Santa Fe, ‘Calif. 
BROOKS, A. Raymond (AF), Publication Mgr., 

W hippany , Bell Telephone Labs., Inc., Whip- 

pany, N.J. Mail: 15 Wayside, Short Hills, 


BROOKS, Charles Franklin (AF), Prof. of 
Meteorology, and Dir., Blue Hill Meteorologi- 
cal Observatory, Harvard Univ., Milton 86, 
Mass. Mail: 1793 Canton Ave., Milton 86, 


Mass. 

BROOKS, Doyle T., Jr. (M), Chief of Struct., 
Temco Aircraft Corp., Dallas, Tex. Mail: 
3746 Durango, Dallas, Tex. 

BROOKS, Emerson H. (TM), Struct. Engr., 
Lockheed Aircraft Corp., Burbank, Calif. 
Mail: 1301 E. Verdugo, Burbank, Calif. 

BROOKS, Fred T. (M), Gr. Engr., Lockheed 
Aircraft Corp., Burbank, Calif. 
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BROOKS, Philip D. (M), Supvr., Struct. Re- 
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-, ( . St. Louis, Mo. Mail: 460 South 
St. Jacques St., Florissant, Mo. 

BROOKS. William N., Jr. (TM), Sr. Engr., 
Flight Instrument Dept.. Sperry Gyroscope 
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BROPHY, Gerald (AM), V-P, North Am. 


Aviatic It I ‘Angeles’ 45, Calif. 
BROUGH, Wing Comar. James Norris, RCAF 


(M), Off er Commanding, RCAF Tech. Serv- 
ices Detachments, A. V. Roe Canada Limited, 
Toronto, Or Canada. 

BROUGHAM, ‘Harold Erwin (TM), Lead 
Struct. Design Engr., Chance Vought Air- 
craft, Inc., Dallas, Tex. Mail: 2022 Glen- 
haven St., Arlington, Tex. 


BROW, Cdr. Harold James, USN (Ret.) (AF), 
303 Chattman St., Warrington, Fla. 

BROWDER, Jay E. (M), Electronic Cons., 67 
Shepherd i Roslyn Heights, 

BROWER, Elayne M. (M), Asst. in Research, 
Engrg Research Inst., Univ. of Michigan, 
Ann Arb rs Mich. Mail: 820 Hill St., Ann 
Arbor, Mi 

BROWER, Jack M. (M), Design Engr., Aero- 
jet-Gen or Azusa, Calif. Mail: 834 So. 
uena Vista Ave., Pomona, Calif. 

BROWER, William B. (TM), Research Assoc., 
R.P.I., Troy, N.Y. 

BROWN, Albert D. (M), Proj. Engr., Lock- 
heed Aircraft Corp., Marietta, Ga. 

BROWN, Charles D. (TM), Pres., Dielectric 
Products Engrg. Co., Inc., Raymond, Me. 

BROWN, Donald B., Jr. (TM), Assoc. Re- 


search Engr., Boeing Airplane Co., Seattle, 
Wash. Mail 430 Columbian Way. Seattle 
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BROWN, Donald George (1M 


, Design Engr, 


North Am. Aviation, Inc., Canoga Park, Calif 


Mail: 6501 
Calif. 

BROWN, Edmund D. (TM), Proj. Engr, 
Pratt & Whitney Aircraft Div., UAC, East 
Hartford, Conn. Mail: 138 Stockade Rd, 
So. Glastonbury, Conn. 

BROWN, Edward I. (M), Ch. Engr., Aircraft 
Products, Vickers, Inc., El Segundo, Calif, 
Mail: 5149 Sophia Ave., Encino, Calif. 

BROWN, Emery B. (TM), Safety Engr., Hart. 
ford Accident & Indemnity Co., 40 Broad 
St., Boston 9, Mass. Mail: 43 North §&, 
Methuen, Mass. 

BROWN, F. N. M. (AF), Prof. of Aero. Engrg, 
Hd., Dept. of Aero. Engrg., Univ. of Notre 
Dame, Notre Dame, Ind. 

BROWN, Forrest H. (TM), Seminary Student, 
Lincoln Seminary, Lincoln University, Pa 
Mail: Box 48, Lincoln University, Pa. 

BROWN, Fred I. (M), Mgr., R ocket Engine 
Sales, Devel. Dept., G-E Co.. Cincinn: ati 15, 
— Mail: 6825 Miami Rd., Cincinnati, 
Ohio 

BROWN, Col. George Francis, USAFR (M), 
N: ATO Officer, Office, Asst. Secy. of Defense 
Room 3E-1049, Pentagon, Wash., 

BROWN, George G. (M), Supvr., Inst. Elect, 
Maint., Am. Airlines, Inc. Pac aGuardia Field, 
N.Y. Mail: 7 Hoe Lane, Westb ury, L.I1., N.Y 

BROWN, Gerald D. (AM), Section Head for 
Maint., Flight Research Dept., Sperry Gyro. 
scope ‘Co. Div. The Sperry Corp., Great 
Neck, N.Y. 

BROWN, Gerson (TM), Sales Engr. & Pur. 
chasing Agent, Aviquipo, Inc., 25 Beaver St., 
New York 4, N.Y. Mail: 1551 University 
Ave., Apt. 2B <a York 53, N.Y. 

BROWN, Gordon D (AM), Pres., 
341 N. Foothill Rd., 


BROWN, Lt. Irwin M., Jr., USNR (M), Asst. 
Aircraft Maint. Officer, NAS, Glenview, 

BROWN, James D. (M), Field Install. Engr, 
United Aircraft Service Corp., East Hartford, 
Conn. 

BROWN, James E. (M), Pres., Aircraft Con- 
version Engrg. Co., 2940 N. Hollywood Way, 
Burbank, Calif. 

BROWN, James N., Jr. (TM), Design Engr, 
Bell Aircraft Corp., Buffalo 5, N.Y. Mail: 
311 Walnut, Buffalo 4, N.Y. 

BROWN, James P. (M), Contracts Mgr., West- 
ern Area, Lear, Inc., 3171 S. Bundy Dr., 
Santa Monica, Calif 

BROWN, Joel E. (M), Flight Test Engr. 
North ‘Am. Aviation, Inc., Patrick AFB, Fla. 
Mail: P.O. Box 444, Cocoa Beach, Fla. 

BROWN, John S. (TM), Pres., Brown Aero 
Corp., Box 2971, Monroe, La. 
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Engr., Convair, San Diego, Calif. Mail: 549 
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Administrator, Wright Aero. Div., 
Wright Corp., Wood-Ridge, N.J. 

BROWN, Nicholas M. (M), Lead Engr., Me: 
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12 Ewen Dr., Box 125, "RR3 3, Creve Coeur, Mo. 

BROWN, Robert (M), Managing Dir., Air- 
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BROWN, Lt. Robert A., USAF (TM), Aircraft 
Maint. Officer, Box "387, Goodfellow AFB, 


Tex 
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(TM), Pilot & Student in Aircraft Maint. 
Officer Course, Chanute AFB, Ill. Mail: 
R.R.2, Box 121, Bicknell, Ind. 

BROWN, Russell W. (TM), Ch., Struct. Sect. 
Douglas ate Co., Inc., Tulsa, Okla. 
Mail: 2424 E. 25th St., Tulsa 14, Okla. 

BROWN, St. George Ambler (M), Engr., Ram 
Jet Engine Br., Engine Test Facility, AEDC, 
ARO, Inc., Box 162, Tullahoma, Tenn. Mail: 
511 S. Brittain St., Shelbyville. Tenn, 

BROWN, Capt. Sheldon W., USN (AF), Dir. 
Production Div., BuAer, Navy Dept., Wash. 
Mail: 9410 Locust Hill Rd, 
Bethesda 14, Md. 

BROWN, Sherwood H. (M), Gr. Design Engr, 
Northrop Aircraft, Inc., Hawthorne, Calif. 
Mail: 1156 6th St., Manhattan Beach, Calif. 

BROWN, Stuart C. (TM), Aero. Research 
Scientist, Ames Aero. Lab, NACA, Moffett 
Field, Calif. Mail: 2691 Marshall Dr., Palo 
Alto, Calif. 3 

BROWN, Sydney S. (M), Design Weight 
Engr., North Am. Aviation, Inc., Los Am 
geles, Calif. Mail; 10207 Camarillo, North 
Hollywood, Calif. 

BROWN, W. Byron (AF), Design Specialist, 
Northrop Aircraft, Inc., 
Mail: 2626 E. Cortez, West Covina. Cali 
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sign Engr BROWN, Wilbur (M), 4820 Red Oak Lane, N., BRUSKI, Edmund (TM), Design Engr., Con- — Matl: 4827 Green Meadows, Torrance, 
Park, Calif Ft. Worth 14, Tex t od Diy. a Gen. Dynamics Corp., San lif. 
noga Park, BROWN, William ‘Akin (M), Asst. Proj. Diego, BULLIVANT, W. Kenneth (M), Aero. Devel. 

Weight Rage McDonnell Aircraft Corp., St. BRUYETTE. “Gerald W. (TM), Lab. Engr., Engr., M.D. Div., Chem. Corps, Dept. of 
7. Engr, Louis 3, } F McDonnell’ Aircraft Corp., St. Louis, Mo. Army, Fort Detrick, Md. Mail: Rte. 2, 
UAC, Eag BROWN, Col. Wm. G., USAF (F), Asst. to Mail: 9242 Airline Ave., Overland 14, Mo. Myersville, Md. 
ckade Rd, Tech. Dept., Air Force Cambridge Research BRYAN, Colgan H. (M). Head. Dept. of Aero. BULLOCK, Robert O. (AF), Asst. Div. Ch. 

Center, 230 Albany St., Cambridge, Mass. Engrg., ee _- Alabama, P.O. Box 1461, NACA, Cleveland 11, Ohio. Mail: 4567 

, Aircraft BROWN, William H. (TM), Stress Analyst, University, W. 210, Fairview Park 26, Ohio. 

ny Calif, Boeing pare Co., Seattle. Wash. Mail: BRYAN, oo * Jr. (AF), Prof. of Aero- BULMER, Major Harry R., USAF (TM), 
Calif. 348 S. 177th, Seattle 88, Wash. nautics & Cons. Engr., The Johns Hopkins Instructor, Inst. of Tech., USAF, W-P 
ngr., Hart. BROWN, Wm. Leon (M), Supvr., Aero. Power- Univ., Baltimore, Md. Mail: 12 Englewood AFB, Ohio. 

40 Broad plant Design Evaluation Engrg., Civil Aero. Rd., Baltimore 10, Md. BUMSTEAD, Richard (TM), Aerodynamic 
North St, a aain., Box 1082, Okla. City; Okla. BRYAN, L. ie (TM), 205 Live Oak Ave., Engr., Vertol Aircraft Corp., Morton, Pa. 
BROWN, Woodbridge Calvin (TM), Instruc- Warrington, Mail: Rt. 26, Media, Pa. 

ero. Engrg, tor of Hydraulics, Aviation Dept., The Trans- BRYAN, Leslie. 7 (M), Dir.—Inst. of Avia- ss = Clare W., USAF (M), W-P 
v. Of Notre portation School, Fort Eustis, Va. Mail: tion, Univ. of Tll., Urbana, Ill. Mail: 1016 AFB i 

3651A McDonald, St. Louis, Mo. , W. John St., Cham paign, TI. BUNDSCHUH, Frank J. (TM), 9 Bell St., 
ry Student, BROWNBACK, Henry Lowe (M), Tech. Coun- BRYAN, Cdr. ‘William C. (M), Head, Fuels & Staten Island 5, N.Y. 
rersity, Pa sel, Regie Nationale des Usines Renault, Lubricants Br., Power Plant Div., BuAer, BUNNING, Harm (TM), Asst. Prof. of Aero. 
, Pa. Billancourt, Seine, France. Mail: Reach Dept. of the Navy. Wash., D.C. Engrg.. Univ. of Mich., Ann Arbor, Mich. 
ket Engine Road, Deer Isle, Maine : BRYANT, Billy V. (TM), Design Engr, BUNKER, Col. William B., USA (M), Comdg. 
acinnati 15, BROWNE, Kenneth Alan (AF), Dir. of Re- Chance Vought Aircraft, Inc., Dallas, Tex. Officer, Transp, Sup. & Maint. Comd., St. 

Cincinnati, search, Chesapeake & Ohio Ry Ca. Terminal Mail: 1201 Rindie, Irving, Tex. Louis, Mo. —_ 4 Delcrest Court, Univer- 

Tower, Cleveland, fone Mail: 18138 Clifton BRYANT, Glenn D. (M), Proj. Engr., Aero- sity Citv 24 
AFR (M), Rd., Lakewood 7, a physics Dept., Miss. State College, State BUNNELL, ee Ww. (AM), Sr. Area Field In- 
of Defense BROWNE, Wm. Boyd. (TM), 760 Lawrence College, Miss. Mail: Rt. 4, Box 152-A, spection Rep., The M. W. Kellogg Co., New 
on, Wash., Rd., Trenton, N. Starkville, Miss. York 7, N.Y. Mail: 814 W. Division St., Ar- 

BROWNING, ist Lt. Bob D., USAF (TM), BRYANT, Paul M. (M). Design Supvr.— lington, Tex 
Inst. Elect, Liaison Engr., Instrument Br., Flight Con- Power Plant, Sikorsky Aircraft Div., UAC, BURBANK, Kershaw (AM), Room 5600, 30 
wae Field, trol Lab., WADC, W-P —* "Ohio. Mail: Bridgeport, Conn. Mail: P.O. Box 521, Rockefeller Plaza, N.Y. Mail: 20 Burbury 
LL, Nae 77 Dickman Dr., Dayton Ohio. Rridgenort, Conn. Lane. Great Neck. N.Y. 

n fiend for BRUBAKER, David B. (TM), Service Engr., BRYSON, Arthur E., Jr. (M), Assoc. Prof. of BURBICK, James Warren (TM), Stress i, 
perry Gyro. Boeing Airplane Co., Seattle, Wash. Mail: Mech. ~ rg., Harv ard Univ. * Cambridge 38, Goodyear Aircraft Corp., Akron, Ohio. Mail: 
orp., Great 6800 27th Ave. N.E., Seattle is, Wast Mass. Mail: 41 Fair Oaks Dr., Lexington 1300 Jennings Ave.. E. Liverpool. Ohio. 

BRUCATO, Robert Cc. (TM), 20-53 "hecce 73. Mass BURCH, Reed L. (TM), Assoc. Engr., Boe- 

gr. & Pur. Ave., Far Rockaway 91, BRYSON, Comdr. William, USNR (Ret.) ing Airplane Co., Seattle, Wash. Mail: 1718 
Beaver St, BRUCE, Arthur C. (TM), _ ar Aero. (AM), 5249 32nd St., N., Arlington 7, Va. 12th A S., Seattle 44, Wash. ’ 
University Engrg., Virginia Poly. Inst., Blacksburg, BRZOZOWSKI, Witoid (M), Pres., Calor, BURD, Edward (M), Fueslage Design Sect. 
rown-Line a. R eorge H. (M), Dir., Contracts ars Mail: 9133 Van Ness Ave., Inglewoo 
verly Hills, BRUCE, Douglas M. (AF), Head, Proj. Stress & Spare’ F etre Northrop Aircraft, Inc., 4, 

Analysis Gr., Bell Aircraft Corp., Buffalo 5, Hawthorne, Calif. BURDEN, William A. M. (M, B), Partner, 
| (M), Aus Mail: 3330 Warner Dr., Grand Island, Wertic USAF (TM), Proj. William A. & Co. 630 Fifth Ave., 
enview ‘ N.Y. ngr., t he ind Tunnel, WADC, New York 20, N.Y. 
stall. Engr,, BRUCKER, Milton (M), Pres., Zenith Air- W-P AFB, Ohi BURDETT, rad W., Jr., (M), Proj. Engr., 
st Hartford, craft Div. tb zap Plastics Co., P.O. Box 91, BUCK, Richard S (AF), Engrg. Dept., P&W Reaction Motors, Inc., Rockaway, iA ail : 
2 Gardena, C Aircraft Div., UAC, East Hartford 8, Conn. 219 Walthery Ave., Ridgewood, N.J. 
ircraft Con. BRUECK chER f. D. (M), Design Engr., North BUCK, Robert N. (M), Capt. TWA, N.Y. BURDICK, Clinton D. (TM), Engrg. Sect. 
ywood Way, Am. ‘Aviation, Inc., Los Angeles 45, Calif. Internatl. Airport, New York, N.Y. Mail: Head, Sperry Gyroscope Co., Great Neck, N.Y. 

Mail: 412 E. Ellis Ave., Inglewood, Calif. 157 Brightwood Ave., Westfield, N.J. BURG, Lt. John R., og TMD. 798 A.C. & 
esign Engr. BRUEGER, John Martin (TM), Analytical BUCEELL, Frank E. (AF), Mer., Aero. Dept., W. Sa., Belleville "AFR. 

N.Y. Mail: Engr., Powerplant Performance, Pratt & G-E Co. wits’ Magnet House, Kingsway, BURGAN, Harold C. eT) ‘Sr. Engr., Struct. 

: Whitney Aircraft Div., U.A.C., East Hart- London, W.C.2. England. Test. Glenn L. Martin Co., Baltimore 3, Md. 

Mer., West: ford, Conn. Mail: 42 Smith Drive, East BUCKEY, Don L. (TM), Design Engr., Air- Mail: 4169 Crestheights Rd., Baltimore 15, 
Bundy Dr., Hartford 8, Conn. plane Div., McDonnell Aircraft Co., St. Md. 

| BRUGGER, Richard G. (M), 14 Hedgeway Louis. Mo. Mail: R#2, Fenton, Mo. BURGER, Elting G., Jr. (TM), Struct. Meth- 
Test Engr, Ct., Hempstead, N.Y. BUCKINGHAM, Dalton R. (TM), Asst. to ods Engr., Grumman Aircraft Engrg. Corp., 

c AFB, Fla. BRUHN, Elmer F. (AF), Prof. of Aero. ir. Leader, CF105 Hydraulic Systems, Avro Bethpage, Ff f Mail: 1204 Stewart Ave., 

h, Fla. Engrg., Purdue Univ., Lafayette, Ind. Aircraft Ltd., Toronto, Canada. Mail: 18 Bethpage, N 

Brown Aero BRUKNER, Clayton J. (AM), Pres., The Grassmere Road, Toronto, 9, Ont., Canada. BURGERS, Johannes M. (F), Research Prof., 

Waco_ Aircraft Co., Ohio. Mail: BUDD, John F. (AM), Editor Publisher, Inst. for Fluid Dynamics, Univ. of Maryland, 
Propulsion P.O. Box 430, Troy, Ohio i ~~ Transportation, 10 Bridge St., New York College Park, M 

Inc., Dallas, BRULL, Maurice A. (M), Head, Analytical N.Y. BURGESS, Eldon S., Jr. (TM), Engrg. Draw- 
Arlington, Methods Gr., Struct. Sect., Bell Aircraft BUDIANSKY, Bernard (M), Assoc. Prof. of ing Checker, Northrop Aircraft, Inc., Haw- 
Mail: 440 Wendel Mech. ORY 38, thorne, Mail: 1119 W. 138 Place, 
Flight Tes ep = ai rnest tlington 74, Hawthorne, Cali 
Mail: 549 BRULLE, vias Robert V., USAF (TM), Mas . BURGESS, Neil TAR), Mgr., J79 Proj., Jet 

4 Instr.—Aero. Engrg., USAF Inst. of Tech., BUDISH, Nathan N. (M), Prelim. Design Engine Dent. Ktaid Div., G-E Co., Cin- 

x. Personnel Box 3329, Ik AFB, Ohio Unit, Boeing at? Ce. Seattle. Wash. cinnati 15, 

iv., Curtiss. BR AN, J > ate (M), Proj. Engr., Jet Pro- Mail: 16023 S.W.. Seattle 66, Wash. BURGESS, Robert Kingsley (TM), Flight 
: pulsion Lab., C.1.T., Pasadena, Calif. BUE, Edward Pa Jr. (TM), Designer, Doug- Research Engr., Stharsiey Aircraft Div., UAC, 
Engr., Me BRUN, Prof. Edmond A. (AF), 8-10 Place du las Aircraft Co., Inc., Santa Monica, Calif. Bridgeport, Conn. Mail: 160 Vermilyea Ave., 
Mo. Mail: Commerce, Paris Fran Mail: 3256 Wade St.. Los Angeles 66, Calif. New York 34, N.Y. 

> Coeur, Mo. BRUNALE, Vito Toma (TM), “Engrg. Designer, BUECHEL, oo Cc. (M), Mer.—MX2273 BURGESS, Warren C., Jr. (TM), Pres., Bur- 

Dir... Air. Norden-Ketay Westmoreland ve., Proj., Smali Aircraft Engine Dent.. General gess-Sterbentz Cor W. 150 St., Cleve- 

Mail: 4 North 10th ge Co., Lynn, Mass. Mail: RFD, Wake- land, Ohio. 4972 Grace Rd., North 

: P.O. t. e Olmsted, Ohio 

‘ aa BRUNELTE, Eugene Je Jr. (TM), 808 Tap- BUEHL, Fred W. (TM), Staff Engr., Aero. BURGGRAF, Lt. Odus R., USAF (TM), 3447 

M), Aircraft = st. Ann Arbor, Mich Engrg. Dept., Radioplane Co., Van Nuys, Richfield Dr., Dayton 10, Ohio 

ellow AFB, UNER, Lt. Col. Frederick W., USAF (M), Calif. Math: 7730 ‘Balcom Ave., Reseda, BURGHARDT, Joseph E. (M), Proj. Aero- 
Che Weapon System_ Proj. Office, Calif. dynamics Engr., The Glenn L. Martin Co., 

(TM), Asst. : , W-P AFB, Dayton, Ohio. BUEKER, Robert Arthur (TM), Designer, Baltimore 3, Md. Mail: 8 Goodale PIl., Balti- 

nt Test, Ed- RUNET, Richard L. (TM), Engrg. Designer Douglas’ Aircraft Co., Inc., Santa Monica, more 12, 

/2 N. 45th 123. oeing Airplane Co., Seattle 14, Wash. Calif. Mail: 2517 Pearl, Santa Monica, Calif. BURK, Charles Harold (TM), Flight Test 

iol sean 5011 Brandon St., Seattle 8, Wash. =", Joseph F., Jr. (TM), Assoc. Engr., Liaison Engr., Chance Vought ‘Aircraft, Inc., 

Design Engr. NING, William H. (M), Tool Engr., a 72-07, Lockheed Aircraft Corp., Mari- Box 5907, Dallas, Tex. Mail: 1129 S. West 

craft Corp., Grumman Aircraft Engrg. Corp., Bethpage, Ga. St., Arlington, Tex. 

I: 6908 Wil mAs Mail: 218 Oak st. Bellmore, N.Y. BUGIEISKI, William Z. (M), Sr. Test Engr., BURKE, James D. (TM), Engrg. Gr. Supvr., 

: y pvt James E. (M), Aerodynamics Engr., Prewitt Aircraft Ce., Clifton Heights. Pa. Jet Propulsion Lab., C.I.T., Pasadena, Calif. 

rice, USAF Devel. Corp., Santa Monica, Mail: 361 Road, Soringfield, Pa. BURKE, Joseph E. (M), Lead Designer—Cock- 

Mail: 4615 Highgrove Ave., Torrance, D. Sr. Engr, Fropalsion it Desizn, Chance Vought Aircraft, Inc., Dal- 
. : esearc ‘or anta onica, Cali on il: 12 oke Smith Dr., Dallas 

struc " ectric orp., ester, a. witzerland BURKE, Louis Lee (TM), Ch. Engr., Am. 

‘ulsa, Okla. enon: 120 N. Sproul Rd., Broomall, Pa. HMAN, Charles, Jr. (TM), Design Gr. Kitchens Div. jeree Mig. Corp., Commmestiie. 

4, Okla. NO, Joseph F. (M), Head, "Weapons a Lockheed Aircraft Corp., Marietta, Ind. Mail: RR #6, Connersville, Ind 

System Sect., Guided Missile R Republic Mail: 4345 Jett Rd., N.W., Atlanta 5, BURKE, E. (TM), Standards Engr., 
icksville, N.Y Lockheed Aircraft Corp., Burbank, Calif. 

” ee ircra orp. urbank, Cali ail: mes Edward, USAF 

Mail: 1227 Daffodil Lane, Wantagh, Way, No. Hollywood, Calif. Officer, Special Test Unit, WA ADC W 
ax » Eugene (TM), 3673 Victoria Ave., Los AFB, Ohio. Mail: P.O. Box 8255, pin 3, 
Hill Rd, BRUNS, John H. (TM), 241 E. 28, Tulsa 5, ee soee ome: WADC, W-P AFB, Ohio. 

esign Engr. BRUNSMA » Rona . ; Aerodynamics BURKHARDT, Clyde Sylvester (TM), Design 

Cal B86 Pilot? Box 121, Carswell AFB Ft, Convair, San Diego, Calif. Engr., North’Am. Aviation, Ine., Los Angeles 

each, Calif Worth, Tex. Mail: Box 225. Greenview, Il, BULL, Gerald Vincent (M), Sect. Hd—Aero- 45, Calif. Mail: 5319 W. 94th, Los Angeles 

Research BRUSH, Robert P. (AF), Rep... Internatl. dynamics, Canadian Armament R&D Est., 

‘CA. Moffett Sales, Douglas Aircraft’ Co., Inc., Santa Defence Research Bd., P.O. Box 1428, Que- BURKHEIMER, George E. (M), Sr. Tech. 

all Dr., Palo Monica, Calif. Mail: 2104 Mandeville bec City, Canada. Group Engr., Convair, Pomona, Calif. Mail: 

Canyon Rd., Los Angeles 49, Cali BULL, Gifford (M), Proj. Engr. & Pilot, Cor- 2615 N. Prospero Dr., Covina, Calif. 

sign Weight BRUSH, ote A. (TM), nae, Naval nell Aero. Lab., Inc., Buffalo, N.Y. BURKITT, William C. (TM), 4141 Whitney 

c., Los An Aviator, U.S. Navy, NAAS, Kingsville, Tex. BULLARD, Lyman A., Jr. (AF), Megr., Fiight Lane, Wichita 10, Kan. 

arillo, North oe: 14747 Perry Ave., Harvey, Tll. Safety Products, Greer Hydraulics, Inc., Ja- BURLAGE, Henry, Jr. (M), Assoc. Prof. & 

RUSHFIELD, Guy Birch (M), Deputy De- maica 30, N.Y. Mail: 29 Mole Pl., Amity- Dir., Propulsion’ Lab., Case Inst. of Tech., 
mn Specialist sign Engr., Ministry of Supply, Radar Re- ville, N.Y. Cleveland 6, Ohio 

horne, Calif. ag Estab., M.O:S. Air tation, Defford, BULLINGTON, Robert H. (TM), Design BURLESON, Lt. Borden ae USNR (TM), 

na, Calif. ore., ol gg Engr., Northrop Aircraft, Inc., Hawthorne, Proj. Engr.—Instrument & Equipment Br., 
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The Aeronautical Standards Gr., The Penta- 
gon, Wash. 25, D.¢ 

BURNELL, Edwin 3. (M), Staff Engr., Mis- 
sile Engrg., Design Integration Dept., Hughes 
— Co., Florence & Teale, Culver City, 


alif 

BURNELLI, Vincent J. (AF), Pres. & Tech. 
Dir., Central Aircraft Corp., 501 Fifth Ave., 
New York, N.Y. Mazi: 10 Clent Rd., Great 
Neck, N.Y. 

BURNETT, Howard R. (TM), Aerodynamics 
Engr., Ryan Aeronautical Co., San Diego, 
Calif. Matl: 1346 Crest Rd., Del Mar, Calif. 

BURNETT, Wayne I. (TM), Struct. Engr., 
Missile Engrg. Div., McDonnell Aircratt 
Cor Louis 3, Mo. 

BURNHAM, Charles E. (TM), Asst. Ch. Eng., 
Draper Corp., Hopedale, Mass. Mail: 129 
Dutcher St., Hopedale, Mass. 

BURNHAM, Robert W. (M), Designer Grade 
“B,” Boeing Airplane Co., Wichita, Kan 
Mail: 1541 N. Poplar, Wichita 14, Kan. 

BURNHAM, Walter E. (M), Ch., Tool Engrg., 
Boeing Airplane Co., Wichita, Kan. Mail 
3026 Somerset Dr., Wichita 4, Kan. 

BURNS, A. Bruce (TM), Struct. Devel. Engr., 
Chance Vought Aircraft, Inc., Dallas, Tex 
Mail: 822 S. Waverly, Dallas, Tex. 

BURNS, Charles E. (M), Military Sales Rep.. 
Lockheed Aircraft Corp., Burbank, Calif 
rd 1095 Michillinda Blvd., Pasadena 8, 
alif. 

BURNS, Charles I. (M), 1012 Ocean Ave., 
Brooklyn 26, N.Y. 
BURNS, Francis S. (M), Flight Test Engr., 
Guided Missile Div., North Am. Aviation, 
Inc., Downey, Calif. Mail: 13525 S. Vermont, 

Gardena, Calif. 
RNS, Gene C. (TM), 7815-A2 St. Charles 
Rock Rd., St. Louis 14, Mo. 

BURNS, John (TM), Struct. Engr., 

Kaiser Metal Products Co., Bristol, Pa. Mail 
7 Woodbine Ave., Bristol, 

BURNS. Lt. Col. Robert R,, USMC (M), 
Commanding Officer, Marine Wi ing a Gr., 
2nd MAW, MCAS, Cherry Pt., N.C 

BURNS, Robert Wm. (TM), 518 S. Mariposa 
St., Burbank, Calif. 

BURR, Capt. Paul J.. USN (AF), Staff, Com 
Air Pac, NAS, San Diego, Calif. 

BURRELL, Margaret E. (AM), Librarian, 
Aircraft Div., Hughes Tool Co., Culver City, 
Calif. Mail: 4262 Jasmine Ave., Culver City, 


Calif. 

BURROUGHS, Kenneth L. (AF), Pres., Aero 
Univ., Chicago 38, Ill. Mail: 213 Washing- 
ton Blvd., Oak Park, Ill. 

BURSNALL, William J. (M), Proj. Operations 
Analyst, Convair Div. of Gen. Dynamics Corp., 
Fort Worth, Tex. Mail: 6801 Chickering Rd., 
Fort Worth 16, Tex 

BURSTEIN, Adolph" (AF), Asst. Ch. Engr.— 

R&D, Convair Div. of Gen. Dynamics Corp., 
San +") — Mail: 4391 Argos Dr., San 


Diego 16, 
BURTON A _ (M), V-P, North Am. Avia- 

tion, Inc. .. Los Ang cles 45, Calif. 
BURTON, Clarence’ A. Design Engr., 
Prelim. Design, Lockheed Aircraft Corp., 
7042 Irondale St., 


Burbank, Calif. Mail: 
Conoga Park, ali 

BURTON, Donald W. (TM), Mathematician, 
Union Carbide Nuclear 2 Oak Ridge, Tenn. 
Mail: 144 Parsons Rd., k Ridge, Tenn. 

BURTON, Edward F. (F), “Ch. Engr., Douglas 
Aircraft Co., Inc., Santa Monica, Calif. 

BUSCH, Gerald A. (M), Devel. Planning 
Specialist, Lockheed Aircraft Corp., Burbank, 


Calif. 
BUSCHMANN, Rudi P. (AF), Engr., Military 
Div., Lockheed Aircraft 
., Marietta, 
BUSEMANN, ret oh (AF), Staff Scientist, 
Aero. La NACA, Langley Field, 
Mail: 18 E. Southampton Ave., Hampton, 


BUSEY, Charles H. (M), Sr. Design Engr., 
Convair, Ft. Worth, — Mail: 7018 Har- 
desty, Ft. Worth 11, 

BUSH, Harry L. EM) Dir. Test Div., Board 
Nr Conarc, Fort Rucker, Ala. 

BUSH, Powell D., Jr. (TM), Research Engr., 
Lockheed Aircraft Corp., Marietta, Ga. Mail: 
RFD 6, Newton Rd., Marietta, Ga. 

BUSH, Roger J. (TM), Design Engr., North 
Am. Aviation, Inc., AFMTC, Patrick AFB, 
ng Mail: Rte. 1, Box 328B, Melbourne, 


Busi, Wilfred F. (M), Research Engr., Lock- 
heed Aircraft Corp., Burbank, Calif. Mail: 
8846 Moonbeam Ave., Van Nuys, Calif. 

BUSS, Robert A. (M), Asst. Ch. Pilot, Western 
Air Lines, Inc., Los Angeles 45, Calif. Mail: 
625 No. California St. urbank, Calif. 

BUSSIERE, Rene (M), Ch. Proj. Engr. & 
Mer., Propeller Engine Controls Div., W right 
Aero. Div., Curtiss-Wright Corp., Wood- 
Ridge, N.J. 

Lt. Miguel E., USMC 
(TM), Student Naval Aviator, United States 
ead Corps. Mail: 17 Gail Dr., Pensacola, 

a 


BUSTIN, Harold E. (M), 12 Sandringham Rd., 
Northampton, England. 
BUTLER, Don L. (TM), Field Test Engineer, 


Guided — North Am. viation, 
AFMTC, Fla. Mail: Box 
595H, Rte. Cocoa. Fla. 


BUTLER, George V. (M), Staff Asst.—Missiles, 
Douglas Aircraft Co., Santa Monica, Calif. 
Mail: 4955 Topeka Dr., Tarzana, Calif. 


BUTLER, Joseph P. (TM), Stress Engr., 
Boeing A = ane Co., Seattle, Wash. Mail: 
6045 45th N.E., Seattle 15, Wash. 

BUTLER, Richard O. (AM), Ind. Engr., An- 
drew Jerger 1 Franklin Ave., Belle- 
N.J Mail. 37 Brookdale Ave., Vv erona, 
N.J 

BUTLER, van B. (M), 2909 27th West, 

sh 

BUTTERFIELD, J. P. (AF), Ch. Engr., Mis 
sile eT ns, & Corp., P.O. Box 


Mic 
BUTTERFIELD, (TM), Des. Engr., 
rthre Aircraft, Inc., Anaheim, Calif. 
l Excelsior Dr., La Mir ada, Calif. 
BUTTERWORTH, Wesley T. (M), Ch. Tech 


engr., North Am. Aviation, Inc., Columbus, 
Ohio. Mail: RR 2, Galena, Ohio. 
BUTTNER, Harold H. (M), V-P, Internatl 


one & Telegraph Corp., 67 Broad St., 
ork N 
BUXTON, Elliott R. (TM), Gr. Leader, North 
Am. Avi ation, ae Downey, Calif. Mail: 
10313 rd, Downey, Calif. 


J. (TM), Gr. Engr., Lock- 
heed Aircraft Corp., Burbank. Calif. Mail 
16940 Raven, Sepulveda, Calif. 

BYARD, Witton, K. (AM), 10950 Petit Ave., 
Granada Hil Calif. 

BYERS, Horace R. (AF), Prof. and Chairman, 
al of Met seereleny, The Univ. of Chicago, 

icago 37, 

BYERS, Richard A. (M), Research Engr., 

Missile Systems Div., Lockheed Aircraft Corp., 


Van Nuys, Calif. Mal: 10951 Ruffner Ave., 
Granada Hills, Calif. 

BYRD, Clinton L. (TM), Design Engr., 
Northre Aircraft Inc., Hawthorne, Calif. 
Mail: 910 Eucalyptus Dr.. El Segundo, Calif. 

BYRDSONG, Thomas A. (TM), Aero. Research 
Sci entist. Langlev Aero. Lah., NACA, Lang 
lev F " 1, Va. Mail: 615 North Ave., War- 
wick 

BYRNE, John T. (TM), Hydrodynamics Engr 
Convair Div. of Gen. Dynamics Corp., San 
Die 1168 Reed Ave., San 


lif Mail: 
9, ¢ f 
BYRON, Raymond Albert Vincent (M), De- 


sign Engr., Commonwealth Aircraft Corp., 

Lorimer St., Port Melbourne, Victoria, Aus. 

er R ul: 99 Rostrevor Pde., Box Hill, 
Australia. 


BYRTUS. Lt. Col. J. R., USAF (TM), Has., 
AMC, W-P AFB, Ohio. 


Cc 


CADAMBE, V. (AF), Dir. of R&D (Gener al), 
Ministry of Defence, Govt. of India, “ 
Block, New Delhi, India 

CADUNGOG, Victorio Villa (TM), Engr.— 
Naval Architect, Naval Shipyard, Brooklyn 
1, N.Y. Mail: 297 Columbia St., Brooklyn 


31, } 

CADY, Joseph George (M), Instructor in 
Aero. Engrg., Syracuse Univ., Syracuse, Bg 
Mail: 139 E. Corning Ave., Syracuse 

CAFARELLA, Frank Joseph (M), Engrg. 
Aerodynamicist, North Am. Aviation, Inc., 
Columbus 16, Ohio. Mail: 751 College Ave., 
Columbus 9, Ohio. 

CAGLE, Ben (M), Sr. Proj. Engr., Southern 
California Cooperative Wind Tunnel, Calif. 
Inst. of Tech., 950 So. Raymond Ave., Pasa- 
dena 2, Ca 

— Jones F. (M), Aerodynamics Engr., 
Lockheed Aircraft Corp., Marietta, Ga. 

CAHILL, ‘Martin B. (M), Engrg. Pilot, North- 
west Airlines Inc., St. Paul, Minn. Mail: 
4917 Arden Ave., 

CAHN, Edgar B. 


Minneapolis 10, Minn. 
(AM), Pres., Aviation An- 


ans. Inc., 475 Fifth Ave., New York 17, 
CAIRNS, Edmund 7 (AF), Owner, Aeronauti- 
cal Devel pment, 1810 Locust St., Norristown, 


CAIRNS, Eugene W. (TM), Proj. Engr., Op: 
eratio nal F ight Simulator Trainers, Special 


Devices Center, ONR, Port Washington, N.Y. 
CALAHAN, “Hubert D. (TM), Data Engr., 
McDonnell Aircraft Corp., St. Louis 3, Mo. 
CALANDRA, Joseph A. (TM), Designer, Re- 
public Aviation Corp., Farmingdale, L.I., N.Y. 
Mail: 517 Wilson Ave., Brooklyn 21, N.Y. 
CALDWELL, Allan L. (M), Aerodynamics 
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NEW DOW MAGNESIUM ALLOYS 


Now suggested for a broad range of uses in missiles and aircraft, 
the new Dow magnesium alloys are available in the form of (1) 
sheet or plate, (2) extrusions, (3) castings. 


STRENGTH 


TEMPERATURE 


Maintenance of strength at high temperatures is illustrated by this 
chart. Performance data on the new alloys at elevated temperatures 
can be obtained by request. 
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RACK HEAT BARRIER / 


High temperature magnesium alloys are available to 


lighten aircraft and missile structures 


Once again the horizons for aircraft structural design have 
been widened. Dow has developed a series of high tempera- 
ture magnesium alloys which are already in pre-production 
use on aircraft, missile and engine structures. These alloys 
show advantages at temperatures up to 700° F. Limited 
test data on properties up to 800° F. are available for some 
of these alloys. 

The new alloys save precious pounds because of their good 
combination of modulus and properties, ineluding creep 
‘trength, at temperature. Shop characteristics include good 
formability and weldability. 


One of the available alloys is the magnesium-thorium com- 
position, HK31A, which is manufactured in rolled and cast 
form. Under development is a similar alloy for extruded 
shapes and forgings. HK31A sheet and plate are available 
from stock and from current mill delivery schedules in 
standard sizes from 0.016” to 2”. P 

These new magnesium alloys by Dow should be considered 
for your high temperature requirements. Contact your near- 


est Dow sales office or write THE DOW CHEMICAL COMPANY, 
Magnesium Sales Dept., MA 361, Midland, Michigan. 


you can depend on DOW MAGNESIUM 


: 
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Our aeroelastic program is currently concerned 
with the transonic flutter of low aspect ratio 
wings, stall flutter of supersonic propellers oper- 
ating at high angles of attack, and the dynamics 
of helicopter rotor blades. This program is a 
continuation of more than ten years of creative 
research effort in the field of aeroelasticity. New 
facilities will permit the extension of experi- 
mentation into the high temperature, high super- 
sonic field. 

The aeroelastic program is one of the many 
technical research programs currently in progress 
at C.A.L. We are now working on 160 different 
projects dealing with almost every area of 
research related to the challenging problems of 
modern flight. Electronics, materials, atmos- 
pheric physics, weapon systems, and applied 
mathematics are among the many stimulating 
areas of research available at C.A.L. for the pro- 
fessional man with an inquiring mind. 
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cHATAGE, Vv. M. (M), Ch. Designer, Hin- 
dustan Aircraft, Ltd., Bangalore, India. 

GIANNETTO, Charles (TM), Aerodynamicist, 
Erco Div. of ACF Industries, Inc., River- 
dale, = Mail: 4416 Colesville Rd., River- 


dale, Md 
GIANNINI, M. (AF), Pres., G. M. 
Giannini & Co., Inc., 918 E. Green St., Pasa- 
dena 1, Calif. 
GIBBONS, Henry B. (AF), Asst. Ch. Engr. 
(Tech.), Chance Vought Aircraft, Inc., Dallas, 
Mail: 4526 Brookview Drive, Dallas 


cies, “Gerald D. (TM), Flight Test Instru- 
mentation Engr., McDonnell Aircraft Corp. 
St. Louis, Mo. Mail: 1141 Spring Dr., t. 
Charles, Mo. 

GIBBS, William Francis (AF), Pres., Gibbs 
& Cox, Inc., One Broadway, New York 4, N.Y. 

GIBSON, James O. (M), Sect. Head, Power 
eel & Mech. Sect., Goodyear Aircraft Corp., 


5, Ohio 

GIBSON, Milford D. (M), Research Engr., 
North American Aviation, Downey, Calif. 
Mail: 5053 ira, View Ave., Los An- 
geles 41, Calif 

GIBSON, Ronald T. (TM), Sr. Liason Engr., 
Avro Aircraft Ltd., Toronto, Ont., Canada. 
Mail: 49 Centre Ave., Willowdale, Ont., 
Canad 

GIBSON, Samuel W. (TM), Flight Test Engr., 
Lockheed Aircraft Corp., Marietta, Ga. Mail: 
506 Sycamore St., Decatur, Ga. 

GIGANTE, Joseph *(M), Pres., United Consul- 
tants Co., Norwood Airport, Box 175, Nor- 
wood, Mass 

GIGLIO TOS, Richard F. (TM), Proj. Engr., 
Bulova Research & Devel. Labs. a Inc. . Flushing 
75, N.Y. Mail: 12 Pearl St., Staten Island 


4, 

GILBERT, Arthur C. (M), Weney, Research 
Assoc., Research Div., ork Univ., 
University Heights, mt, N.Y. Mail: 20 
Plaza St., Brooklyn 38, N.Y. 

GILBERT, ‘Donald D. (TM), Specialist (Engrg. 
Training) North Am. Aviation, Inc., Colum- 
— Ohio. Mail: Harbor Hills, Hebron, 


Ohi 

GILBERT, George W. (TM), Draftsman, 
Thieblot Aircraft Co., Inc. 4924 Hampden 
Lane, Bethesda, Md. 

GILBERT, 1st Lt. Loran USAF (TM), 
assigned to: WADC, Dayton, 
Ohio. Mail: 209 E. Savannah, Ga. 

GILBERT, Roswell W. (M), Research Dir. & 
Asst. to Pres., Weston Elect. Instrument 
Corp., Newark 5, N.J. 

GILDEA, David J. (TM), Supvr., Aerophysics 
Dept., North Am. Aviation, Inc., Downey, 


Calif. Mail: 8249 Calmosa Ave., Whittier. 
alif. 

GILE, Howard L. (M), Supvr., Aviation 
Energ., G-E Co., 200 E. First St., Wichita, 


Kansas. 

GILL, John D. (M), Assoc. Prof., Mech. Engrg. 
ept., Univ. of Miami, Coral Gables, Fla 
Mail: Matheson Estate, Key Biscayne, Fla. 

GILL, Mellor A. (M), Patent Admin., Vertol 
Aircraft Corp.. Morton, Pa. 

GILLERMAN, Joseph B. (TM), Test. Engr., 
McDonnell Aircraft Corp., St. Louis, Mo. 
Mail: 8652 Old Bonhomme Rd., University 
City 24, Mo. 

GILLESPIE, Robert W. (M), Operations Re- 
search Staff Specialist, Lockheed Aircraft 
Corp., Marietta, Ga. Mail: 170 Johnson 
Ferry Rd., Sandy Springs, Ga. 

GILLESPIE, Warren, Jr. (M), Aero. Research 
Scientist, PARD, Stability & Control, NACA, 
Langley Field, Va. Mail: 421 Glendale Rd., 
Hampton, Va. 

GILLETTE, Omin L. (TM), 13102 So. Van 
Ness Ave., Gardena, Calif. 

GILLEY, George C. (TM), Engrg. Asst., Mis- 
sile Flight Test Gr., Northrop Aircraft, Inc., 
Hawthorne, Calif. Mail: 13915 Yukon Ave., 
Hawthorne, Calif. 

GILLIES, B. Allison (AF), ai Coast Assoc.. 
ous and Gillies, Inc., 1833 Jefferson Pl.. 

Wash. 6, D.C. Mail: P.O. Box 5336. 
Ean "San Diego 5, Calif. 

GILLIES, John A. (M), Ch. Engr., Canadian 

Pacific Air Lines, Ltd., Vancouver AMF. 
Canada. 

GILLIs, Clarence L. (M), Head, Aircraft Con- 

figurations Br., PARD, NACA, Langley 
Va. ng 121 Tipton Rd., Warwick, 

GILLMOR, D. E. (AM), Sales Mgr., Gillmors, 
Inc., 110 Date Ave., Hicksville, N.Y 

GILLMOR, Reginald E. (AF), 1427 Cecilia 
Ave., Coral Gables 34, Fla. 

GILLOOLY, Richard P. (TM), Proj. Dynamics 
Engr, McDonnell Aircraft Corp., St. Louis, 

0. 


GILLULY, Lt. Col. John W., USAF (TM), 
Student, Air Command mS — College, Max- 
well AFB, 

GILMER, G. Walker, “(M), 
one Dept., Arabian Am. Oil Co., 505 
Park Ave., New York 22, 

GILMORE, Arthur W. (M), Asst. Prof. (Act- 
ing), Dept. of Aero. Engrg., Univ. of Colo- 
rado, Boulder, Colo. Mail: 270 S. 38th St., 
Boulder, Colo. 

GILMORE, Richard F. (TM), Design Engr., 
Beech ‘Aircraft Corp., Boulder, Colo. Mail: 
2960 Sth St., Bowsers Colo. 

GILMORE, Richard (TM), Assoc. Engr., 
Aerodynamics lg Douglas Aircraft Co., 
Inc., Tulsa, ae Mail: 7505 E. Young PI1., 
Tulsa 15, la. 

GILNACK, Ralph F., Roa (TM), 532 N. Spring 
Sti Naugatuck, Con 

GILRUTH, Robert R. (TM), Asst. Ch. of Re- 
search, NACA Labs., Langley Field, Va. 
Mail: Seaford, Va. 

GILSON, Robert D. (M), Asst. Proj. Engr., 
Lockheed Aircraft mae Marietta, Ga. Mail: 
265 Underwood Dr., Atlanta 5, Ga. 

GILTNER, Theodore A. (M), Struct. Dy- 
namics Engr., The Glenn i Martin Co., 
Baltimore, -— Mail: 238 N. Lehigh St., 
Tamaqua 

GIMBEL, ‘oe Richard, USAF (Ret.) (AM), 
Curator of Aero. Literature, Sterling Memo. 
rial Library, Yale Univ., New Haven, Conn. 

GINTER, Henry Alvin (TM), Field Service 
Engr., Boeing Airplane Co., Seattle, Wash. 
Mail: 3952 Pilgrim St., ae 18, Wash. 

GIONFRIDDO, Maurice P. (TM), Aero. Engr., 
6520th Maint. & Supply Gr.—CREOM, L. 
G. Hanscom AFB, Bedford, Mass. Mail: 51 
Hancock Ave., Medford 55, Mass. 

GIPE, Jack R. (M), Dynamic Test Engr., 
Flight Test nang Chance Vought Aircraft, 
Tnc., Dallas, 

GIPSON, James D. (TM), Jr. Designer, Good- 
year Aircraft Corp., Litchfield Park, Ariz. 
Mail: 1010 N. 25th St., Phoenix, Ariz. 

GIRARD, Peter F. (M), Ch. Eng. Test Pilot, 

yan Aero. Co., San Diego, Calif. Mas: 
4210 Black Mt. Rd., La Mesa, Calif. 
GIRAULT, Lawrence Joseph (M), Lead De- 


Engineer, 


signer, Chance ——_ Aircraft, Inc., Grand 
Mail: 814 Birch St., Grand 
rairie, 


GISLER, Richard M. (TM), Layout Man, 
Raytheon Mfg. Co., Oxnard, Calif. Mail: 
416 Hill St., Oxnard, Calif. 

GITT, Edward (M), Production Design Engr., 
Piasecki Helicopter Corp., Morton, Pa. = al: 
328 Ashwood Rd., Springfield, Del. Co., Pa. 

GITT, Michael A. (M), Captain, Colonial Air- 


lines, Inc., LaGuardia Field, Flushing 71, 
N.Y. Mail: 94 Kings Point Rd., Kings 
Point, N.Y. 


GITTENS, E. D. (M), V-P & Ch. Engr., Arma 
Div., American Bosch Arma Corp., Roosevelt 
Field, Garden City, N.Y. Mail: 10 The Spur, 
Flower Hill, Port Washington, N.Y. 

GIVENS, Douglas J. (M), Wash. Rep., The 
De Havilland Aircraft of Canada, Ltd., To- 
Ont., Mail: 4625 30th St., 
N.W., Wash. B.C. 

GIVLER, Edwin G. (TM), Liaison Engr., 
Lockheed Aircraft Corp., Burbank, Calif. 
Mail: 13741 Louvre St., _——, Calif. 

GLAD, Nicholas C. (M), Engr., Sikorsky Air- 
craft Div., UAC, Bridgeport, Conn. Mail: 
98 Margherita Lawn, Stratford, Conn. 

GLASCOCK, James L. (TM), Design Engr., 
Columbia Research & Devel. Corp., 4608 
Indianola, Columbus, Ohio. 

GLASGOW, Charles S. (AF), Asst. Ch. Engr 
Douglas "Aircraft Co., Long Beach, Calif, 

GLASGOW, John C. (TM), Engr., 
McDonnell Aircraft Losis, Mo. 
Mail: 6186 Pershing, St. Louis ‘2, 

GLASS, Lig M. (AM), 350 Fifth eal New 
York, 

GLASS, George R. (TM), Engr. & Grad. Stu- 
dent, Chrysler Inst. of Engrg., Engrg. Div., 
Chrysler Corp., Detroit 31, Mich. Mail: 1116 
Cedar Hill, oyal Oak, Mich. 

GLASS, Irvine I. (AF), Research Assoc. & 
Asst. Prof. of Aero. Engrg., Inst. of Aero- 
physics, Univ. of Toronto, Toronto 5, Ont., 
Canada. 

GLASS, James Clifton (TM), Engr.—Design, 
Modifications, Weight Balance, Western 
Airlines, Inc., Los Angeles, Calif. 

GLASSCO, James B. (M), Struct. Engr., 
Douglas Aircraft Co., Inc., Santa Monica, 
Calif. Mail: 6114 S. La Brea Ave., Los 
Angeles 56, Calif. 

GLASSMAN, Irvin (M), Asst. 
Dept. of Aero. 
Princeton, N.J. 

GLASSON, Clyde L. (TM), Designer, Power- 
plant Gr., Convair, San Diego, Calif. Mail: 
6435 Cleo St., San Diego 15, Calif. 

GLATFELTER, Edward W. (TM), Devel. 
Engr., Sikorsky Aircraft Div., U.A.C., Bridge- 

ort, Conn. Mail: 50 Fremont St. ‘Apt. 6, 
Conn. 

GLAUSER, James E. (M), Ch. Engr., Pacific 
Scientific Co., 1430 Grande Vista Ave., Los 
Angeles 23, Calif. 

GLEASON, Richard Edward (TM), 
Engr., North American 
Downey, Calif. 


Professor, 
Engrg., Princeton Univ., 


Struct. 
Aviation, Inc., 
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GLENN, Hayden F. (TM), Assoc. Aircraft 
Engr., Lockheed Aircraft Corp., Marietta, Ga. 
Mail: 624 Nancy Drive, Marietta, Ga. 

GLENN, John E. (M), Controls Supv., North- 
rop Aircraft, Inc., Hawthorne, Calif. Mas: 
eo. Rolling Meadows Rd., Rolling Hills, 

alif 

GLENN, Marvin M. (TM), Engr., Compre- 
hensive Designers, Inc., 1649 N. Broad St., 

piles. Pa. Mail: 77 Ralph Ave., Brooklyn 


GLENNON, John (AM), Librarian, 
GLINES John 
ohn (M), Pol Engr.—Flight Test, 
Aerophysics Lab., North American “Aviation, 
owney, Calif. 

GLOECKLER, Frederick M. (AF), Dir., Air 
Warfare Research Dept., NADC, Johnsville, 
Pa. Mail: Valley Road, Blue Bell, Pa: 

GLOSSA, Milton (M), Proj. Engr., Aircraft 
Components Div., Dunbar- Kapple Inc., Island 
Ave., Batavia, Ill. Mail: 330 Ingleside Ave., 

GLOVER, ‘Louis 

ouis (M), Applied Research 
Br. Head, David Taylor Model Basin, Ca 
derock, Md. 

GLOWCZWSKI, Robert V. (TM), Engr., De- 
sign Dept., McDonnell Aircraft Corp., St. 
Louis, Mo, Mail: 5302A S. Compton, St. 
Louis 11, Mo. 

GLOWE, Albert (AM), Exec., Robert Schas- 
seur, inc., 460 Park Ave., New York, N. 
GLUHAREFF, Michael E. (F), Ch. "Engr., 
Sikorsky ago Div., UAC, South Ave., 


GLUYAS, George L. (TM), Performance Gr. 
Supvr., Northrop Aircraft, Inc., Hawthorne, 
Calif. Masl: 10281 Amies Rd., Anaheim, 


GLYNN, William James (TM), Jr. Weights 
ngr., Convair Div. of Gen. Dynamics Corp., 
Pomona, Calif. Mail: 646 Woodland Dr., 
Sierra Madre, Calif. 

GO, Joe — (TM), 223 W. Queen St., Ingle- 
wood, Calif. 

GOBBLE, Wallace W. (M), Ch. Struct. Eaee. 
Santa Anita Engrg. Co. ‘of Calif., 2451 E: 
Colorado St., Pasadena, Calif. Mail: 3228 
Fenimore Ave., Covina, Calif. 

GODA, Herbert L. (M), Pres., Am. Research 
& Mfg. Corp., 4914 Del Ray. Ave., Bethesda 
14, Md. Mail: 10011 Sidney Rd., Silver 
Spring, Md. 

GODD ARD, E., Ch. Super- 
sonic erodynamics iv. et Propulsion 
Lab., CIT, Pasadena, Calif. 6s 

GODDARD, Vincent P. (TM), Aerodynamicist, 
Douglas Aircraft Co., Inc., El Segundo, Calif. 
Mail: 4717 Reese Rd., Torrance, Calif. 

GODFREY, Edward R. (AF), Dir. of Sales, 
Airborne | Instruments Lab., Inc., Mineola, 


GODON, W. Welsh (M), Group Engr., Engine 
Install. Design, Piasecki Helicopter Corp., 
—— Pa. Mail: 141 E. Third St., Media, 


GODSEY, Frank Jr. (M), Mer.—Balti- 
more Divisions, We estinghouse Electric Corp., 
2519 Wilkens Ave., Baltimore 3. Md. 

GODSTON, Lt. Joel, USAF (TM), 
Flying Schoo, Mail: 21 Tompkins Circle, 
Staten Is, N.Y. 

GODTS, J. E. (TM), Ch. Designer, GA/RP, 
Ateliers de Construction Flectriaue de C Charle: 
ved (ACEC), Charleroi, Belgium. Mail: G. 

des Nenuphars, Auderghem, Belgium. 

GOEBEL, Thomas P. (TM), Aerodynamicist, 
North ‘Am. Aviation, Inc., Los Angeles 45, 
Calif. Mail: 7138 Knowlton Pl., Los An- 
geles 45, Calif. 

GOEHRING, William F. (M), Fuselage Lead 
Designer, Chance Vought Aircraft, Inc., Dal- 
las, Tex. Mail: 3018 Monte Carlo, Dallas, 


Tex 
GOELZER, H. F. (M), Research Gr. Engr., 
Ryan Aeronautical Co., San Diego, Calif. 
el 5644 Dorothy Way, San Diego 15, 


GOETHERT, Bernhard H. (AF), Ch., 
sion Wind Tunnel Div., 


ARO, Inc., Tulla- 
homa, Tenn. Mail: Riverhill Sub Div., 
Tenn. 


GAN, Harry L. (TM), Asst. Ch., Tech. Proj. 
Sect. (Fighter), 4929th Sq. (Dev. ), Air 
Hg Special Weapons Center, Kirtland AFB, 
ail: 2911 Gen. Chenault St., ; 
N.M. 
GOHH, John (TM), Pres., World Trade, Inc., 
314 Park Ave., Baltimore 1, Md. 
GOHL, James R. (TM), Designer, Douglas 
Aircraft Co., Inc., El Segundo, Calif. ail: 
Verdes Blvd., Redondo Beach, 


Edmund (TM), 1819 E. 
Oak St., New Albany, I 

GOLAND, Leonard (M), ney, Proj. Engr. & 
Lecturer, Forrestal Research Center, Prince- 
ton Univ., Princeton, N. 

GOLAND, Martin (AF), V-P, Southwest Re- 
search Inst., 8500 Culebra Rd., San Antonio, 
Tex. Mail: 211 Five Oaks Drive, San 
Antonio, Tex. 

GOLD, Theodore (M), Engrg. Sect. Head— 
Flight Test Analysis, Sperry Gyroscope ~ 

Div., Ry! Rand Corp., Great Neck, 

‘ox 500, Ronkonkoma, N.Y. 

GOLDBERG, Arthur Phillip (TM), Struct. 
Engr., Convair, Ft. Worth, Tex. Masl: 
6133C Karen Circle, Ft. Worth, Tex. 
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GOLDBERG, Leon (TM), Grad. Student, New 
York Univ., Bronx 53, N.Y. Mai: 164 W. 
174 St., Bronx 53, N.Y 

GOLDBERG, Lt. M.. USAF (TM), 
Maint. Br., Portsmouth AF B, N.H. Mail: 
833 Fontaine St., Alexandria, Va. 

GOLDBERG, Robert (M), Vibration Group 
Leader, Stroukoff Aircraft Co., West Tren- 


ton, N.] 

GOLDBERG, Sydney J. (M), Staff Engr., 
SM-62 Weapon System Proj. Office, Northrop 
Aircraft, Inc., Hawthorne, U alif. Mail: 1964 
W. Thoreau St., Los Angeles 47, Calif. 

GOLDEN, Jack (AF). Dir., Tarbo Engrg. 
Dept., American M:z achine & Foundry Co., 
12270 Montague St., Pacoima, Calif 

GOLDEN, Lawrence E. (TM), Rese: Engr 
Allied Research Associates, Ine. , 43 Leon St. 
Boston 15, Mass. 

GOLDIN, Robert (AF). Asst. Ch. Struct. Engr. 
Struct. Sect., Bell Aircraft Corp., Buffalo e 
N.Y. Mail: 120 Pearce Dr., Snyder, N.Y 

GOLDMAN, Bernard (AM), Liaison Engr. & 
Navy BUAer Rep., Ford Instrument Co., Div. 
of Sperry Rand Corp., Long Island City 1, 
s Vail: 1301 E. 13th St., Brooklyn 30, 


GOLDMAN, George M. (AF), Head, ree 
tions Analysis, Advanced Devel. Div., AV¢ 
Mfg. Corp., Stratford. Conn. 

GOLDMAN, Jerome M. (M), Ch. Pilot, Purdue 
Aero. Corp., W. Lafayette, Ind. Mail: 713 
Evergreen St., W. Latayette, Ind. 

GOLDMAN, Kenneth L. (fM), Engr., Aero 
dynamicist, North Am. Aviation,  Inc., 
Downey, Calif. Mail: 86 Bennett Ave., Long 
Beach 3, Calif. 

GOLDSMITH, Richard (AM), Pres.-Treas., 
ae B G Corp., 321 Broad Ave., Ridgefield, 


N.J. 
GOLDSTEIN, David N. (TM), Performance 
Electric Co., Lynn, Mass. 
ypress St.. Marblehead, Mass. 

GOLDSTEIN, David S. (TM), 15 Essex St., 
Irvington, N. 

GOLDSTEIN, Sid (TM), Engr.—Aerodynamics, 
North Am. Aviation, Inc., Columbus, Ohio. 
Mail: 4613 Eastway Court, Columbus, Ohio. 

GOLDSTEIN, Sydney (F), Gordon’ McKay 
Prof. of Applied Mathematics, Div. of Engrg. 
& Applied Physics, Harvard Univ., Cam- 
bridge 38, Mass. 

GOMEZ, Antulio (TM), Aero. Engr., Trans- 
land Co., Torrance, Calif. Mail: 4120 W. 
Century Blvd., Ing lewood, Calif. 

GOMEZ, Eduardo W. (TM), Struct. Engr., 
Convair, Div. of Gen. Dynamics Corp., Ft 
Tex Mail: 6113 Malvey, Ft. Worth 


Tex 

GOMEZ, “Guillermo Gonzalez (M), Aero. Engr., 
engrg. Div., Civil Aero. Dept., ‘‘La Aurora” 
National Airport, Guatemala. Mail: 11 Ave. 

16-25, Guatemala City 1, Guatemala, C.A. 
GOMEZ, Jesus C. (TM), Wind Tunnel Test 
Engr., Lockheed Aircraft Corp., Burbank, 
‘alif. Mail: 14811 Maclay St., San Fernando, 


alif. 

GOMME, Gerald E. (TM), Design Engr., 
North Am. sveeeen, Los Angeles, Calif 
Mail: 712 29th St., Manhattan Beach, Calif. 

GOMPF, George E. "(M), Engr., Operations 
Dept., The RAND Corp., Santa Monica, Calif. 
Mail: 1000 Maroney Lane, Pacific P. oe 
Calif. 

GONGWER, Calvin A. (M), Mer., Under- 
water Engine Div., Aerojet Engrg. Corp., P.O 
Box 296, Azusa, Calif. 

GONNERMAN, Major L. W., USAF (AM), 
Gr. Materiel "Officer. Mail: 211 Chicago St., 
West Chicago, IIl. 

GOODALL, Ray (M), Proj. Struct. Engr.. 
Lockheed Aircraft Corp., Burbank, Calif. 
Mail: 5121 Oakwood Ave., La Canada, Calif 

GOODE, Archie E. (M), Sr. Aircraft Design 
Engr., Lockheed Aircraft Corp., Marietta, Ga 
Mail: 351 W. Parkwood Rd., Decatur, Ga. 

GOODELL, Lt. Col. Howard C. (M), R&D 
Admin., Armed Forces Special Weapons 
Sandia Base, Albuquerque, N.M. Mail: 292 
Placitas Rd., NW, Albuquerque, N.M. 

GOODIER, J. N. (M), Prof. Engrg. Mech., 
Stanford Univ., Stanford, Calif. 

GOODLETT, E. Ross (M), Asst. for Procure- 
ment Cargo & Special Aircraft Br., AMC. 
W-P AFB, Ohio. Mail: 334 W allace Dr 
Fairborn, Ohio. 

GOODMAN, Geo. P. (M). Aero. Engr., NACA, 
Langley Field, Va. Mail: 5 Miles Cary Road, 
Warwick, Va. 

GOODMAN, John F. ), Exec. Asst., Missiles 
Power Plant Engrg. aq ew Aircraft Co., 
Santa Monica, Calif. "Mail: 844 Fiske, Pacific 
Palisades. Calif. 

GOODMAN, Lt. Leonard, USAF te Unit 
Supply Officer, 325 Bomb Sqa., Fairchild AFB, 
Wash. Mail: 2413 W. Pacific Ave., 
Wash. 

GOODMAN, feeb (M), Physicist, NBS. 


Wash. 25, 

GOODMAN, Theodore R. (M), Sr. Engr., Al- 
lied Research Associates, Inc., 43 Leon’ St., 
Boston 15, Mass. 

GOODMAN, Verlin E. (TM), Design Engr 
North Am. Aviation, Inc., Downey, Calif 
Mail: P.O. Box 163, Bellflower, Calif. 

GOODMANSON, Lloyd T. (M), Proj. Engr., 
Boeing Airplane Co., Seattle 14, Wash. Mail: 
3853 76th Ave., S.E., Mercer Island, Wash. 
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GOTTSCHALK, Lawrence W. (TM), Jr. Fi ield 
Engr., Fairchild Engine Div., 
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> , Saunders- Roe, ‘Ltd., 
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What's in the wind for engineers? 


The answers to subsonic and supersonic problems that 
may be on your mind right now may very well be 
studied in this modern Engineering Department wind 
tunnel soon to be in operation at North American’s 
Columbus Division. This is a major piece of new equip- 
ment for this continually expanding department. 
already one of the finest facilities for research and 
development in the industry. 

The tunnel will handle airflow studies from deck- 
landing speeds to Mach 4. With it, engineers will test a 
multitude of ideas and variables in the fields of Aero- 
dynamics, Thermodynamics and Dynamics. 

The Engineering Department has sixteen complete 
laboratories for creative engineers to test, study and 
evaluate their ideas. The individual and his ideas are 
important in this completely integrated, growing or- 
ganization, which holds prime responsibility on all 


North American’s aircraft projects for the Navy —from 
concept through flight. 

You can share the achievements and rewards that 
come from initiative backed by well-handled resources. 
This is a place where men who get results—get results ! 


OPENINGS FOR GOOD MEN IN ALL THESE FIELDS: 


Aerodynamicists. Thermodynamicists, Dynamicists. 
Stress Engineers, Structural Test Engineers. Flight Test 
Engineers. Mechanical and Structural Designers, Elec- 
trical and Electronic Engineers. Wind Tunnel Model 
Designers and Builders, Power Plant Engineers. Re- 
search and Development Engineers. Weight Engineers. 

For your career’s sake, you should know the facts. 
Write: Mr. J. H. Papin, Personnel Manager, Dept. 
56 AER, North American’s Columbus Division. 
Columbus 16, Ohio. 
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“Newest” Alcoa’ high-temperature alloy 


was born 30 years too soon 


has high strength at the temperatures resulting from aerodynamic heating. 


One of the “‘newest” aluminum alloys 
finding a place in aircraft today is 
2024 with -T86 temper. 2024-T86 
has excellent room temperature prop- 
erties, and in the 200 to 400° range it 
is Superior to any currently available 
alloy. See chart below. Aerodynamic 
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Yield strength of wrought alloys at 
elevated temperature after 100 hours 
at temperature. 


heating at today’s higher speeds can 
make 2024-T86 one of our most im- 
portant “‘new”’ alloys. 


Actually, only the popularity of 


2024-T86 is new. Alloy 2024 was 
developed by Alcoa in the 1920s 
and the artificial aging process 
(required for the -~T86 temper) 
was understood in the 1930s. How- 
ever, for optimum corrosion resist- 
ance, 2024 must be aged to a point 
which reduces its elongation to a 
value that was unacceptable to air- 
craft designers in those days. Today 
the taboos of low elongation have 
given way to the more pressing needs 
of better corrosion resistance and 
higher strength. 


Alcoa obtains the high properties 
of 2024-T86 by cold-rolling the sheet 
or plate after solution heat treatment 
and then artificial aging. This sheet 
or plate is available up to 4%” in 


new” alloy 


thickness, bare or alclad. It is 
another result of Alcoa’s vast ex- 
perience in research and production. 
Write for your free copy of A/uminum 
Alloys for Elevated Temperature 
Service. Aluminum Company of 
America, I801-J Alcoa Building, 
Pittsburgh 19, Pa. 
ALWAYS FASTEN ALUMINUM 

WITH ALCOA ALUMINUM FASTENERS 


Your Guide to the Best 
in Aluminum Value 
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SIERRA PRODUCTS INSURE PILOT SURVIVAL 


“Sierra Sam’’® and his family of anthropomorphic and 
anthropometric test dummies insure pilot survival by providing 
vital “human factors” data in supersonic and high altitude 
equipment tests. Closely simulating the human body, “Sierra Sam”’ 
has ample space in body cavities for instrumentation. 


Sierra’s R. A. Hawks Division has long been a leader in the field of 
oxygen breathing equipment. Shown on the right is the new 

Sierra Model 210 Oxygen Mask. With one valve, compensated 

for pressure breathing, doing the work of three, it provides more 
pilot comfort, visability, and superior windblast protection. Valves 
and components are available for conversion of existing masks. Also 
shown is the new Sierra Model 195 4-Way Oxygen Manifold 
designed to protect against explosive decompression in high-speed 
high-altitude bail outs. The manifold bolts securely to the chute 
harness so that it cannot be ripped loose to flail by windblast. 


Write for engineering data and catalog information on Sierra 
Dummies, Sierra Oxygen Breathing Masks and Manifolds. 


123 E. Montecito, Sierra Madre, California 


Sierra Oxygen Breathing equipment is marketed by their R. A. Hawks 
Division .. . serving the aircraft industry and military for more than 25 years : 
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... Instrument headquarters 


can meet your design 


Why compromise on your instrument 
needs? Whether your design calls for 
miniature size, or an instrument with sev- 
eral mechanisms within a compact case... 
instruments with high torque, high sensi- 
tivity, internal shielding, special ballistics, 
or with pointers of special size or shape 
. . . Weston’s wide variety of designs no 
doubt includes an instrument which will 
fit your needs exactly. But for new or 
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t MILLER, Capt. Bernard P., USAF (M) MILLER, Robert Earl (TM), 100 S. Lancaster, MIRELS, Harold (TM), Aero. Res. Scientist 
Conn, instr., Chermodynamics & Fluid Mech., Dept. Aurora, Ill. NACA, Cleveland, Ohio. Mail: 3643 Shan: 
“— Mer ot Marine Engrg., U.S. Naval Academy, MILLER, Robert Edward (TM), Struct. Engr., non Rd., Cleveland 18, Ohio. 
ss-W right ail: Badger Rd., Arun- Convair, Texas. Mail: 3305 MIRMAN, Jean (M), Stress Analyst, Republic 

states, Annapolis s 

arge, En. MILLER, Byron D. (IM), Flight Test Engr., MILLER, Adm., Nor- PI” 
= wat: Rte. 10, Airer: aft, Inc., 1001 E. Broadway, Haw- N.Y. 

y Air ox 157 or ex. thorne, Calif. MIROS, Martin (TM), . Weight ® 
4 MILLER, Carroll I. (TM), Process Engr., R&D MILLER, Robert R. (TM), Flight Test Op- Lockheed Aircraft “dg it an Fag 
Aero. Re. Div., Alloy Engrg. & Casting Co., Champaign, erations Engr., Boeing Airplane, Co., Seattle Mail: 1040-B Lincoln St., Burbank, Calif. 
ACA, MILLER, ‘Cnaties ania, | rbana, 1s ash. Mail: 10234 N.E. 24th, Bellevue, MIROWITZ, Leo I. (M), Supvr. Aeroelastic 

ze Rd. (a ) r., Component & yash. Stability & Control M 

Inter ediate Distrib. Sales, East Central Dist., MILLER, Robert W. (M), Aero. Research Sci- Corp., St. Mei: 128) 

., Cleveland 4, Ohio. ¥ ; entist, Langley Aero. Lab., NACA, Langley vanmia, University City 14, Mo. 
MILLER, Cos. Va. Mail: 19 Gibson Rd., Hampton, MIRTI, Anthony E. (T™), Sr. Engr., Glenn 

esigt ig afety lance ough’ M: t Co., Baltimo Md., Mail: 652 

nwood Dr., Arlington, Texas. — . cialist onvair, San iego, Calif. ail MISENER, Stuart (M), E Asst. t h 

MILLER, Charles W. (M), Prelim. Design 58 San Miguel Dr., Chula Vista, Calif. Chairman, Carrier Corp., 300 So. Gediles Ste 

Engr. “A,” Northrop _Aircraft, | Inc., Haw- MILLER, Roy G. (M), Tech. Cons., Dayton Syracuse, N.Y. 

7701 McConnell Ave., T. Brown, Inc., Copiague, L.I., N.Y. Mail MISKAM, Frederick C. (AF), Asst. Ch. 

a Los Angeles 45, alif. one 56 Ocean Ave., Massapequa Park, L.I., 1 & & Streng sth Engr., Douglas Aircraft Co., Ince., 
| Primar MILLER, David rs (TM), Aerodynamicist, MILLER, Capt. Shirley Snow, USN (M), Long Beach, Calif. Mail: 210 Corona Ave., 
n, an “Bataan,” % F.P.O., San Francisco, Long Beach 3, Calif 

incis¢ Nuys, alif. a 833 ardwe Ave., Calif. MITAL, John As (TM), Box 4917, Virgini 
1 Engr, ero. esign ou rysler Corp., etroit, Mich. Mail: A dgar (M), Claims S 
a Design, Fairchild 22477 15 Mile Rd., Mt. Clemens, Rte. 5, Aircraft Hull, Besar Co. of 
ye., est: iv., St ine, Fla. ai ar Ee. 3, ica SS aaa 1600 Arch St., Phila. 1, Pa. 

Box i91-C, St. Augustine, Fla. MILLER, Wm. H. (AF), Assoc. Prof., Dept. | MITCHELL, Alton G. (TM). Flight Test 
- Mgr., MILLER, Edward S. (M), Proj. Systems Gr. of Aero. Engr., Univ. of Fla., Gainesville, Engr., Convair, Ft. Worth, 7 Mail: 
rican, hy sha of Mail: 609 S.W. 18th Ave., Gainesville, 200 Burnett St., Ft. Worth, Tex. 

i Moorestown, N.J. Mail: 22 pruce ine, *la., MITCHELL Arthur E., Jr. (TM), Service 

Engr, Levittown, Pa. MILLER, William S., Jr. (TM), Assoc. Editor Engr., Vertol Aircraft’ Corp., Morto1 

MILLER, Edwin F. (TM), Coordinator, Fuels, Machine Design, Penton Publishing Co., Pen- Mail: 803 Springfield Rd., ‘Ciftton "ies, Pa. 

k Oil Bldg., Cleveland 13, Ohio. Mail: 7534 MITCHELL, Bruce (M), Ch. of Struct., 

0., Inc., roadway, New Yor arnum Ave., Cleveland 30, Ohio. Ryan Aer Ca.. S Diego, Calif. 

MILLER, Frank Faust (T M), Data C alculator, MILLETT, Merlin L., Jr. (M), Asst. Prof. 4810 

— Electric Co., P.O. Box 7, Edwards, of Aero. ‘Bnere,. Devt. of Aero. Engrg., lowa MITCHELL, Charles L. (AF), Meteorologist 

alif State College mes, Iowa. t. 1340 ff 

MILLER, Gerald N. (TM), Assoc. Engr. in MILLIE, John H. (M), Equip. Engr., A. V. 
strumentaticn, Glenn L. 1 artin o., alti Roe Canada, Ltd., Box 430, Terminal “A, MITCHELL, Charles M., Jr. (TM), 23 Abbey, 
Ire Mail: 20-B Cedar Dr., Balti Ont., Canada. Dayton, Ohio. 
more, MILLIKAN, Clark B. (HF), Dir., Guggen- MITCHELL, Frederick Paige (TM), Ch 
MILLER, heim Aero. Lab., Dir., So. Calif. Cooperative Engr., A. V. Roe 
apons Engrg., Canadair Limitec ontr 
orp., 1700 P.O. C anada. Mail: 7435 Sherbrooke St. W.. MILLIKAN. Lt. TM). Pilot MITCHELL Garth (M), Prod 
fail: 6635 Apt. +5, Montreal, P.Q., Canada. KB-29, 506 ARS Bergstrom AFB, Tex. Engr., iid Ate Play — 
ee MILLER, "Herman (M), Mer. Design & Pes Mail: 817 Rogers Ct., Ashland, Ky. Ont.” Canada. Mail: 1034 Mohawk St. 
‘ ig Aircraft Nucle: ar Propulsion Dept., G-E ( MILLIKEN, Charles Smyth (M), Asst. to Oshawa, Ont., Canada. 
: (iM), sien urban ali cientist, NACA, Langley AFB, Hampton, 

4 3, Md. Mail: 358 MILLIKEN, Samuel Allen (M), Sr. Dynamics Va. Mail: 334 Darby Phoebus, Va. 

Md. Engr., Aircraft Stability & Control Gr., Con- MITCHELL, John C. (M), Owner, J; ( 

) 0., Sei s Mau: sce . alif ail: 2084 Windsor Ct., San Leandro, Calif. 
St., Seattle 7, Wash. 
: , : ‘ MILLIKEN, W. F., Jr. (M), Mer., Flight MITCHELL, Lt. John F., USAF (TM), Stu 
MILLER sane D: Research Dept., Cornell Aero. Lab. Inc., dent Pilot, Basic Jet Flight Training, Laugh- 
MILLER, Joseph K. (TM), Airframe Engr. 
filliamsville, N.Y nington etroit 2 1. 

United Air Lines, South San Francisco, Calif. 

MILLER, Kenneth R. (TM), Sr. Design Engr., MITCHELL, Keith ©, (TM), Protection 

Elec. & Electronics Gr., C , San Diego, il: 37 McCal st. Catherines 

Calif. Mail: Diego MILLS, Frederick (TM), Engr., Bendix Avia- Meil: 37 McCalla Dr., St. Catherines, Ont., 
ign Calif tion Corp., Utica, Mail: 12 Gary Ave., . . 

MILLER, Lt. Kenneth W. (TM), Air Tech. New Hartiord, N.Y. Edwards, Calf 
Intelligence Engr., USAF, Hq. ATIC, W-P MILLS, George S. (TM), Engrg. Test Pilot, MITCHELL, Myles B. (M), Design Engr 
AFB, Ohio. McDonnell Aircraft Corp., St. Louis 3, Mo. McDonnell Aircraft Corp., Mo 

MILLER, Leon G. (M). Gr. Design. Engr., Mail: 112 W. Mermod, Kirkwood 22, Mo. Mail: 525 Laven-Del., Kirkwood 22. Mo. 
McDonnell Aircraft Corp. (St, Louis, Mo MILLS, Robert A. (TM), Engr, Cessna Air- MITCHELL, Capt. Robert E., Jr., USAF 
Mail: 2352 Collett Dr., St. Louis 21, Mo. | craft Co., Wichita, Kan. Mail: 4501 Meadow- (TM), Ch., Control Requirements Sec., Flight 

MILLER, ioote CEM), Sr. Physicist, U.S. view, Wichita 10, Kan. Control Lab., WADC, W-P AFB, Ohio. 

Naval  e adiological, Defense Lab., San Fran- MILLS, Roscoe H. (M), Ch., Fluid Dynamics MITCHELL, Wilbur L. (M), Engrg. Specialist, 
M). Me oe 2% Calif. Mail: 2622 Clement St., San Br., Aero. Research Lab, WADC, W-P AFB, North Am. Aviation, Inc., Downey, Calif. 

parencioro Bi. Cs “3 (AF), Flight Test. ( = Mail: 123 Balmoral Dr., Dayton 9) Mail: 11632 Old Fashion Way, Garden Grove, 

Can ordinater, Douglas Aircrait Co 

MILLSON, Robert John (TM), Head, Publica- MITCHELSON Robert Ray (TM), Jr. Engr. 

Engr., =. —" Mail: 2216 Rose Drive, Whit- tions & Editorial Dept., Institution of Mech. pa’ Pag Boeing’ Airplane Co., Wichita, Kan. 

409 MILLER, Engineers, 1 Birdcage Walk, London S.W.I., Mail: 338 N. Holyoke, Wichita, Kan. 

AiR h Mie. C PL England. Mail: “Perpetua,” Austenwood MITROVICH, Milenko (M), Design Proj. 
gn Engr., kM: Kall Close, Chalfont St. Peter, Bulking Hamshire, Engr., Pratt & W hitney Aircraft Div., UAC. 
Bridgeport, MILLER, Matha M “OD England. 150 Causeway, Boston, Mass. Mail: 105 
geport 10, a cea gi ae bd MILWITZKY, Benjamin (M), Aero. Research Waban Hill Road, Chestnut Hill 67, Mass. 

Douglas Aircraft Co., Inc., Santa Monica, 

Calif, Mail: 7310 W. 90th St. Los Angeles Scientist, NACA, Langley Field, Va. Mail: MITTELHAMMER, Max, Jr. (TM), Assoc. 
wei 43. Calif. . St., Los 175 East Ave., Hampton, Va. Engr., Product Design, The ae Martin 

MILLER, Percy H. (TM), Sr. Aerodynamics MINAROVICH, Joseph T. (TM), Ch. Service 

grg Co, Engr., Convair, Pomona, "Calif. Mail: 588 Engr.,_ Avien, Inc., 58-15 Northern Blvd., MITTLER: Justt L. (M), D E Lock- 

Tulare W ay, Upland, Calif. Woodside, N.Y. heed ‘con Mail: 

Raiph B. (M), Prof., Aero. Engrg.. 960 16th St., Apt. 4, 505 S. Niagara Burbank, Calif. 

abama Poly. Inst., Auburn, Ala. anta Monica, Calif GI : xehi 

MILLER, Ralph S. (TM). Struct. Engr, | MINER, Bernard Wilfred, Jr. (TM), Airman  MIYAGISHIMA, Tosh (TM), 3446 S. Edgehill 
Temco Aircraft Corp., Dallas, Tex. Mail Second Class, United States Air Force. Mail: MOBLEY, Frederick F. (TM), Assoc. Engr. 
210 Ridgeway, Arlington, Tex. 5101 Byers Ave., Fort Worth 7, Texas. Applied Physics Lab., Johns Hopkins Univ., 

MILLER, Raymon M. (TM), Field Service MINER, Milton A. (M), West Coast_ Rep., Silver Spring, Md. 

Rep., Guided Missiles, Douglas Aircraft Co., Huck Mfg. Co., 2480 Bellevue Ave., Detroit, MOCK, Elliot V. (TM), Prelim. Design Sect. 

oi Santa Monica, Calif. Mail: Box 325, , —, ee 45247, Airport Sta., Ch., Boeing Airplane Co., Seattle, Wash. 

te. 1, Bel Air, Md. .os Angeles 45, Calif. Mail: 445 McGilvea le Seattle 2, Wash. 

MILLER, Raymond J. (M). Mer., Aircraft MINKIN, Rose (M). Product Designer—Air- MOCK, Frank C. (AF), Dir., Fuel Systems 

Equip. Dept., Chatham Electronics, Div. of craft & Industrial Bearings, Shafer Bearing Engrg., Bendix Products ho Bendix Avia- 

Gera Corp., Livingston, N.J. Div., Chain Belt Corp., Downers Grove, IIl. tion Corp., South Bend, 

MILLER, Rene H. (M), Assoc. Prof. of Aero. MINNICH, Otto J., Jr. (TM), Design Engr., MOCK, Richard M. (AF), ™Pres., Lear, Inc., 

kheed_His- LER, Lt. Richard H., USAF (M), Asst. ail: 2 yan Wick St., Inglewood 4, Calif. SLE ae Ss _ 

rnold Engrg. Devel. Center, Tullahoma, vair, iv. yen ynamics orp., San 

Williams- sg Vail: 626 Glendale P1., Tullahoma, pueae, cae it Mail: 6729 Kelly St., San oor Mail: 4621 Highgrove Ave., Torrance, 

enn. iego 11 alif. 
ter, ARO, | MILLER, Richard J. (TM), Flutter Engr. | MINOR, Leonid A. (M), 58 Rue De Verneuil, Pada & 
601 Bragg Corp., Wichita, Kan. Mail: Paris, France. Belleville, N 

120 urding, Wichita 14, Kan. MINTON, Stanley J. (TM), Supvr., Systems MOCKOVCIAK ‘ ohn, Jr. (TM), Aero. Design 

Develop- MILLER, Maj. Richmond L., Jr. USAF Analysis, Marquardt Aircraft, Van “Nuys, OGROVCIAK, J is I, Engrg. Corp., Beth. 
rt R Sect., Mail: 6502 Quartz, Canoga Park, pages Mail: 36-38 215 St., Bayside 

Mail: 75 wanes Box 0-36, Edwards AFB, Calif. MINTZ, Bernard (M), Member of Tech. Staff, MOE, Byron Alfred (AM), Dir.—Operational 

ILLER, Robert A. (M), Aerodynamicist, The Ramo- Wooldridge Corp.. Los Angeles 45, Planning, Allegheny Airlines, Inc., Wash- 

marth Am. Aviation, Inc., Los Angeles, Calif. Calif. Mail: 8151/2 S. Bundy Dr., Los ington Natl. Airport, Wash., D.C. Mail: 
fail: 2762 Loftyview Drive, Torrance, Calif. pon 49, Calif. 912 West Moreland P1., Falls Church, Va 
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MOEN, Lt. Eugene D., USAF (TM), Pilot, MOORE, Cecil L. (TM), Proj. Engr. (Design), MORGAN, Donald F. (TM), Proj. Engr, 

432nd FIS, Minneapolis Airport, Minn. Allison Div., GMC, Indianapolis, Ind. Mail: Schweizer Aircraft Corp., Elmira, N.Y. Mail: 

Mail: 9904 Stevens Ave. S., Minneapolis 20, 47 So. Spencer, Indianapolis, Ind. RD 3, Watkins Rd., Horseheads, N.Y. 

Minn. MOORE, Francis W. M. (M), Mer., Provision- MORGAN, Donald W. (M), Proj. En gt 

MOFFETT, Richard J. (AF), Mer. of Devel., ing & Procurement, Bristol Aero Engines Ltd., Sandberg Serrell Corp., 19 N. Catalina e 

Atomic Energy of Canada, Ltd., 91 Montreal Montreal North, Quebec, Canada. Mail: 4050 Pasadena, Calif. Mai: 4376 Hayman Ave, 

Rd., Eastview, Ont., Canada. Mail: 64 Plouffe St., Postal Station **O,” Ville St., La Canada, Calif. 

Muriel St., Ottawa, Ont., Canada. Laurent, Qu Canada. MORGAN, G. Richard (TM), Research Engr, 

MOFFITT, John V. (M), Proj. Engr., Gas MOORE, Franklin K. (TM), Research Scien- American Machine & Foundry Co., Pacoima 

Turbine Lubricants Lab., Southwest Research tist, Lewis Flight Propulsion Lab., NACA, Calif. Mail: 7725 Lindley, Reseda, Calif, 

Inst., 8500 Culebra Rd., San Antonio, Tex. Cleveland, O} Mail: 430 Kenilworth Rd., MORGAN, Harold V. (TM), Dynamics Flight 

Mail: Route 11, Box 708, San Antonio, Texas. Bay Village, Ohio Test Analyst, Convair, San Diego, Calif 

MAHLER, Paul O. (M), Asst. Proj. Engr., MOORE, John A. (M), Aero. Research Sci- Mail: 3177 Cowley Way, San Diego 17, Calif 

Northrop Aircraft Co., Hawthorne, Calif. entist, NACA, Langley Field, Va. Mail: 114 MORGAN, Homer G. (TM), Aero. Research 

Mail: 11260 Regent St., Los Angeles 34, Glenwood Rd., Hampton, Va. Scientist, NACA, Langley Field, Va. Mail ( 

Calif. MOORE, John D. (AM), Field Service Rep., 707 Paul St., Warwick, Va. 

MOHRMAN, Robert F. (M), Engr., Grumman North Ar Aviation, Inc., Downey, Calif. MORGAN, Thomas A. (AM), 250 Park Ay. 

Aircraft Engrg. Corp., Bethpage, N.Y. Mail 6 | re Street, Anaheim, Calif. enue, New York 17, N.Y. 

MOISE, Samoil M. (TM), Engrg. Test Lab MOORE, John K. (TM), Aerodynamicist, Mc- MORGAN, William C. (TM), Sr. Weight 

Supvr., Meletron Corp., Los Angeles, Calif. Donnell Aircraft Corp., St. Louis, Mo. Mail: Control Engr., North Am. Aviatior Inc., 

Mail: 1742 N. Edgemont St., Los Angeles 9235 Tutwiler Ave., Overland 21, Mo. Columbus, Ohio. Mail: Box 392, 378 Dalglen 

27, Calif. MOORE, John P. (TM), 3338 Dale Ave., Dr., Reynoldsburg, Ohio. 

MOKRZYCKI, Prof. G. A. (AF), 146 Quincy Columbus 1 Ohio MORGAN, Lt. William H., USAF (TM), Pilot, 

Ave., Long Beach 2, Calif. MOORE, John R. (M), Ch. Autocontrol Sect., Webb AFB, Big Spring, Tex. Mail: Box 112 

MOLELLA, Ross J. (M), Supervisory Aircraft Electromechanical Engrg. Dept., North Am. Junction City, Ga. 

Struct., Devel. Engr., NAES, Phila., Pa. Aviation, Inc., Downey, Calif. Mail: 818 MORKOVIN, Mark V. (AF), Research Scier 

= MOLES, Howard R. (AF), Ch. Proj. Engr., Pine Ridge Knoll, Fullerton, Calif. tist & Lecturer, Johns Sy pS Balti- 

Electronic Div., Curtiss-Wright Corp., Carl- MOORE, Kenneth E. (TM), Aerodynamicist, more 18, Md. Mail: 909 Litchfield Rd., Bal- 

stadt, N.J. Mail: 6 Sun Valley Way, Morris Republic Aviation Corp., Farmingdale, N.Y. timore 12, Md. ; 

Plains, N.J. Mail: 356 Garden St., W. Islip, L.I., N.Y. MORONEY, James E. (M), Sr. Flight Test r 

MOLINARI, Luciano F. (TM), Design Engr., MOORE, Norton B. (AF), Cons., Aerophysics Engr., Convair Div. of Gen. Dynamics, San Ss 
North Am. Aviation, Inc., Los Angeles 45, Devel. Cory Santa Monica, Calif. Mail Diego, Calif. Mail: 5230 Manhasset Dr., San g 
Calit: Mail: 102251/2 7th Ave., Inglewood, 3627 Lemon St., Riverside, Calif. Diego 15, Calif. z x 
Calif. MOORE, Raymond J. (M), Design Engr., MORRELL, Capt. Bruce E., USAF (TM), ‘ 

MOLLENBERG, Ernst F. (TM), Flight Test Northrop Aircraft, Inc., Hawthorne, Calif. Grad. Student, Institute of Tech., W-P AFB, 5 
Aerodynamicist, Grumman Aircraft Engrg. Mail: 3455 N. Snowden Ave., Long Beach 8, Ohio. Mail: 5248 Bradbury Rd., Dayton 3, 

Corp., Bethpage, L.I., N.Y. Mail: 31 Car Calif. Ohio. i . 
rington Drive, E. Northport, L.I., N.Y. MOORE, Richard E. (M), Mech. Engr., Air- MORRELL, Gerald (AF), Aero. Research Sci- ‘ 

MOLLER, Marx D. (M), Group Engr., The craft Div., Hughes Tool Co., Culver City, entist; Head, Rocket Combustion Sect., Lewis 
Glenn L. Martin Co., Baltimore 3, Md. Calif. Mail: 9394 Colegio Dr., Los Angeles Flight Propulsion Lab., NACA, Cleveland 11, 

Mail: 52 Dogwood Dr., Baltimore 20, Md. 45. Calif Ohio. Mail: 25715 Cook Rd., Olmsted Falls, 

MOLLERING, William H. (M), Customer MOORE, Robert E. (TM), Flight Test Engr., Ohio. 7 , 

Requirements Engr. (Navy), Convair Div. of Convair, San Diego, Calif. Mail: 4351 Gila MORRIS, Brooks T. (M), Exec. Engr., Power 

Gen. Dynamics Corp., San Diego 12, Calif. Ave.. San Diego 17, Calif. plants, Marquardt Aircraft Co., Van Nuys, 

Mail: 702 Jersey Ct., San Diego 8, Calif. MOORE, Roland H. (TM), Sr. Struct. Engr., Calif. Mail; 924 N. Chester Ave., Pasadena 

MOLLO-CHRISTENSEN, Erik L. (M), Asst. Lockheed Aircraft Corp., Marietta, Ga. 6, Calif. : “ 

Prof., Aero. Engrg., M.1.T., Cambridge, Mass. MOORE, Roy Gredy (TM), Struct. Engr., MORRIS, Charles W. (M), V-P—Engrg, 

MOLLOY, Richard C. (AF), Exec. Research North Am. Aviation, Inc., Los Angeles 45, Doak Aircraft Co., Inc., 22309 S. Western 
Engr., Research Dept., UAC, East Hartford, Calif. Mail: 2507 Valley Dr., Manhattan Ave., Torrance, Calif. Mail: 11769 Chenault 
Conn. Reach, Calif St., l.os Angeles 49, Calif. ; 

MOLSON, K. M. (TM), 6 Chestnut Hills MOORE, Vincent (M), Asst. Ch. Engr. for MORRIS, Deane N. (M), Design Specialist— 
Parkway, Toronto, Ont. 18, Canada. Design, Wright Aeronautical Div., Curtiss- Aerodynamics, Douglas. Aircraft Co., El 

MOLYNEUX, G. C. (M), Cons. Engr., Air- Wright Corp., Wood-Ridge, N.J. Mail: 59 Segundo, Calif. Mail: 535 Erskine Dr., Pa 
port, Essendon, Victoria, Australia. Highland Road, Glen Rock, N.f. cific Palisades, Calif. ss 

MONACO, A. P. (TM), 4145 Westmoreland MOORE, Wendell F. (M), Rocket Install. MORRIS, H. William (TM), Stress Engr.— 

St.. Little Neck, N.Y. Engr., Bell Aircraft Corp., P.O. Box 1, Buf- (Charge of Missile Analysis, Fisher Body Div., Bowne’ 

MONESS, Elias (AF), Staff Engr., Aerody- faln 5. NY. Mail: P.O. Box 414, Youngs- GMC, Detroit, Mich. Mail: 16540 Monica, 
namics, Lockheed Missile System Div., Van town, N.Y. Detroit 21, Mich. : : 

Nuys, Calif. Mail: 1124 Greenacre Ave., Los MOORE, William Frost (M), Mgr.—Marketing, MORRIS, James (M), Aviation Safety Agent, 
Angeles 46, Calif. Aircraft Accessory. Turbine Dept., General Civil Aero, Admin., Wash., D.C. Mail: 199 BE 

MONROE, Gerald M. (AF), Supvr., Advance Electric Co., West Lynn 3, Mass. Staab Lane, Westbury, N.Y. 

Devel. Planning Gr., Chance Vought Aircraft, MOOREHEAD, James R. (M), Engr., De- MORRIS, John K. (M), Mgr.—Engr., West- 
Tex. Mail: 708 Mayrant Dr., signing. Roeing Airnlane Co.. Seattle, Wash. ern alif Mail: 
allas 24. Tex. MOORHEAD, Seth B., Jr. (TM), Asst. Proj. 12228 S. Rives, Downey, Calif. \e 

MONROE, Louis L. (M), 1149 S. Rimpau Engr., Er Div. of tan Ind., vattevitic. MORRIS, John P. (M), Aerodynam:cs Engr., 

Blvd., Los Angeles, Calif. Md. Mail 3 56th Pl.. Cheverly, Md Boeing Airplane Co., Seattle, Wash. Mail: 

MONROE, William R. (M), Ch. of Flight MOORMAN, Theodore H. (TM), Engr., Grum- 4423 S.W. 101st, Seattle 66, Wash ! 

Controls & Servo., Northrop Aircraft, Inc., man Aircraft Engrg. Corn., Bethnage. N.Y. MORRIS, Brig. Gen. Joseph T., USAF (Ret.) 
Hawthorne, Calif. Mail: 2201 Harriman Mail: Woodland Path, Rte. 4, Smithtown, (M). 1116 Bolander Ave., Dayton 1, Ohio 
Lane, Redondo Beach, Calif. N Y. MORRIS, Mark M. (M), Sr. Flight Test Engr., 

MONTAGUE, Joe A. (TM), Ch. Ins., Quality MOPPERT, Joseph C., Jr. (TM), 1675%/s S. North Am, Aviation, Inc., Downey, | Calit. 
Control Engr. E. B. Wiggins Oil Tool Co., Ardmore Ave., Los Angeles 6, Calif. Vail: 8355 La Sierra Ave., Whittier, Calif 
Inc., 3424 E. Olympic Blvd., Los Angeles 23, MORAN, Herbert Dana (TM), Stress Engr., MORRIS, Maron L. (TM), Proj. Engr., Aero 
Calif. Mail: 1551 Sansinena Ln., La Habra, Toads Gr.. Northrop Aircraft. Tne., Haw- dynamics Sect. Head, Curtiss-Wright Research 
Calif. thorne, Calif Vail: 71231/2 La Tijera Blvd., Div., Clifton, N.J. Mail: 278 Wyckoff Ave., 

MONTANARO, C. G., Jr. (TM), Design Engr., Los Angeles 45, Calif. ‘ Waldwick, N.J. , 

Hiller Helicopters, Palo Alto, Calif. Mail: MORAN, Lt. Lawrence Michael, USAF (TM) MORRIS, Owen Glenn (TM), Aero Research 
469 Vine Ave., Sunnyvale, Calif. Maint Air Scientist, NACA, Langley Field, Va 

MONTANARO, John Oliver (M), Struct. Engr. Chord AFB. Wash. Mail: 33 ATS. 1705 MORRIS, Ray S. (M), Sr. Test Pilot, Aut 
(Aircraft), Nat. Research Council of Canada, ATG. McChord AFB. Wash ae netics Div.—North Am. Aviation, Inc., Los 
Ottawa, Canada. Mail: 413 Elgin St., Ot MORCOCK wee ‘ TM a eee Angeles, Calif. 
tawa, Ontario, Canada. MORRIS, Capt. Robert P. (TM), Proj. Engr. 

MONTANY, Eugene R. (M). Asst. Project AFSWC, Kirtland AFB, N. Mex. Ma 
ord, Conn. ail: 38 Grandview St., = fe tit scent ns MORRISON, F. Robert (M), Flight Test Engr.. 
chester, Conn. ~~ MORDELLET, Roger (M). Stress Analvst, Temco Aircraft Corp., Dallas, Tex. Mail: 

MONTGOMERY, Edwin J. (M), Pres., Arizona Avions L. Breguet, Vel'zy-Villacoublay (S-O), 5145 Rawlins St.. Dallas 19, Tex 
Helicopter Service, Inc., Tucson, Ariz. Mail: France MORRISON, John D. (M), Mgr.—Turbosupet 
P.O. Rox &4, Langhorne, Pa. MORDOFF, Richard A., Jr. (TM), Instrumen charger & Turbo Fuel Pump Engrg., Aircratt 

MONTGOMERY, Lawrence Calvin (M). De tation Engr., North Am. Aviation, Inc., Co- Accessory Turbine Dept., G-E Co., West 
sign Devel. Engr., Jet Propulsion Lab., lumbus, Ol! Mail: 965 Euclaire Ave., Lynn, Mass. Mail: 24 Baldwin Rd., Marble 
C.1.T., Pasadena, Calif. Columbus 9, Ohi head, Mass. ; 

MONTIETH, Oscar V. (TM), Sect. Head—Ad- | MORDUCHOW, Morris (M). Assoc. Prof. of | MORRISON, Richard B. (M), Assoc. Prof. 
vance Design & Devel. Allison Div.—Gen. Applied Math., Poly. Inst. of Brooklyn, Brook- Aero. Engrg., Supvr., Aircraft Propulsion 
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1956-1957 283 
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OLSON, Stanley C. (TM), Airlines Engrg., 
Pratt & Whitney Aircraft Engines, UASC, 
East Hartford 8, Conn. Mail: 15 Ivernia 
Rd., Worcester 6, Mass. 

OLSON, Walter T. (M), Ch., Fuels & Com- 
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FAWTU-PAC, NAS, San Diego 35, Calif. Louis 3, Mo Hawthorne, Calif. Mail: 9017 Burton Way, 
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Calif. Mail: 3220 Pearl St., Santa Mon‘ca, tracts, Rheem Manuf. Co., Wash., D.C. 69 Pond St., Natick, Mass. 
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50th Ave.. Cicero 50, Ill. University City 5, Mo. 2 

OSMUN, William Gilbert (M), Assoc. Editor, : PANOSIAN, Jonn G. (TM), Design Ergr., 
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AERONAUTICAL ENGINEERING REVIEW—SEPTEMBER, 1956 


TO THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


AERODYNAMIC ENGINEERS AND SCIEN- 
TISTS are urgently needed now at Convair in 
beautiful, sunny San Diego, California. Excel- 
lent Career opportunities exist for junior and 
senior engineers for aerodynamics, perform- 
ance and heat transfer analyses related to 
advanced projects in the supersonic Mach 
number range. A balanced background in 
experimental and theoretical aerodynamics is 
ideal for these positions. Analytical aerody- 
namic studies using analogue and digital com- 
puters are an integral part of this work. 
Challenging positions are also available for 
aerodynamicists experienced in research and 
development wind tunnel and firing range 
tests. 


CONVAIR offers you an imaginative, explora- 
tive, energetic engineering department... 
truly the “engineer's” engineering department 
to challenge your mind, your skills, your abili- 
ties in solving the complex problems of vital, 
new, long-range programs. You will find sala- 
ries, facilities, engineering policies, educa- 
tional opportunities and personal advantages 
excellent. 
SMOG-FREE SAN DIEGO, lovely, sunny city 
on the coast of Southern California, offers you 
and your family a wonderful, new way of life 
. a way of life judged by most as the Nation's 
finest for climate, natural beauty and easy 
(indoor-outdoor) living. Housing is plentiful 
and reasonable. 


Generous travel allowances to engineers who are accepted. Write at once enclosing 
full resume to: H. T. BROOKS, ENGINEERING PERSONNEL DEPT. 121 


_CONVAIR. 


t A DIVISION OF GENERAL DYNAMICS CORPORATION 


3302 PACIFIC HIGHWAY 


SAN DIEGO, CALIFORNIA 
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GLENS FALLS INSURANCE COMPANY UNIGN ASSURANCE SOCIETY, LTD. 

HANOVER FIRE INSURANCE COMPANY VIGILANT INSURANCE COMPANY 


HOME OFFICE * 90 JOHN STREET * NEW YORK 38, NEW YORK 
Branches: ATLANTA * CHICAGO « KANSAS CITY * DALLAS * LOS ANGELES « SAN FRANCISCO 
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Perhaps you have overlooked the tremendous 
opportunity that can be yours as an engineer 
with TWA, the world’s finest airline. It may be 

that you have never realized that TWA has a 
vital, permanent need for professionally trained, 
graduate engineers in the fields of Mechanical, 


A RARELY Aeronautical, Electrical and Electronic Engi- 


neering. The role of the engineer at TWA 

is so significant that it offers challenges and 
PUBLICIZED vast opportunities to engineers seeking an out- 
let for their talents in an organization where 


OPPORTUNITY they can grow and prosper. 
FOR MECHANICAL As a TWA Engineer, you begin working with 


a small, select group of engineering associates 
—have an opportunity to demonstrate your 


AERONAUTICAL, ability and to advance within the company. You 


will work in TWA’s ultra modern, new build- 


ELECTRICAL AND ing now nearing completion at International 


Airport on the outskirts of Kansas City, Mo. 
ELECTRONIC In Kansas City, you can enjoy all the benefits 
of cosmopolitan living without the hustle and 
bustle of the more congested industrial areas. 
ENGINEERS You will enjoy many company benefits, includ- 
ing a company retirement plan; liberal free trans- 
portation for you and your family. Your salary will be 
commensurate with your experience. 


Yes, here is a rare opportunity for you to advance in your engineering 
profession. You will undoubtedly want more information, and you can 
secure it by simply writing to Mr. R. Paul Day, Employment Manager, Trans 
World Airlines, Inc., 10 Richards Road, Kansas City, Missouri. 


TRANS WORLD AIRLINES 


10 RICHARDS ROAD 
KANSAS CITY 5, MISSOURI 
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Jack & Heintz A-C System— 
Douglas DC-8 Jet Transport 


COMPONENT NO. PER AIRPLANE 
51202 Voitage Regulator....... 
50128 Control Panel ......... a 
50137 Power Relay .............. ar 
50162 Current Transformer & Limiter Panel . . 
50130 Bus Protection Panel ae 
50124 Current Transformer (separate mtg) ............. 1 


Total weight—all components—380 pounds, 


Jack & Heintz engineers and Douglas equipment 
section engineers discuss a-c system design at Santa 
Monica, Calif. Left to right, are: M. H. Peairs, 
electrical systems engineer, DAC; Peter Duyan, 
chief equipment section, DAC; Sid Webster, 
western district manager, J&H; A. W. Rebard, 
DC-8 group engineer, DAC; and Robert Sumner, 
field service representative, J&H. 


Jack & Heinrz 


AIRCRAFT 
ELECTRIC EQUIPMENT 


J&H Model 31193 Generator J&H Model 51202 Voltage Regulator 


J&H Model 50128 Control Panel J&H Model 50137 Power Relay 


Generators: rated 20 kva; meet Military Class C 
thermal requirements; will deliver 13714% rated 
power continuously for DC-8 operating conditions. 


Hi-Phase* Voltage Regulators: protect against 
overvoltage from asymmetrical faults; provide 
accurate regulation with static components; utilize 
printed wiring. 

Control Panels: simple central wiring harness; 
unique overvoltage relays insensitive to accelera- 
tion and vibration. 

Power Relays: feature mechanical phase isolation 
and easy maintenance. 

Current Transformer & Limiter Panel and the Bus 
Protection Panel provide relaying, metering and 
load division functions. 


tLaboratory prototype for DC-8 system. This model is being super- 
seded by JeeH Model 31008 Generator. 


*T. M. applied for 
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JACK & HEINTZ A-C SYSTEM 
FOR DC-8 JET TRANSPORT 


First A-C System Designed for Commercial Aviation 


The a-c system designed by a team of Douglas and J&H engineers for the DC-8 is 
the first for a commercial airplane and incorporates in its design tried and proved 
principles in accordance with airline philosophy. 


The ship-set components are simple in arrangement and automatic in operation; 


Simplicity, Safety and Reliability are System Features 


The system is as simple to operate as present d-c systems with all components 
readily accessible for easy maintenance. 


The installation is designed so that the possibility of fault is remote. However, if a 
fault should occur, it is isolated quickly and automatically. Power to loads is inter- 
rupted only to those circuits affected. 


Co-ordinated mechanical and electrical designs result in long reliable service life 
for components. 


J&H Organization Proves Asset 


Many factors were considered by Douglas in awarding the DC-8 a-c system contract: 
One primary factor in the selection of Jack & Heintz was its organization. Douglas 
considered it ideal for expeditious handling of an over-all system project. J&H 
conducts all research, development and production at one location, affording maxi- 
mum engineering teamwork with minimum lost motion. 


Important, too, is an intensive educational and maintenance support program 
which Jack & Heintz will offer the airlines to acquaint them with this new a-c system. 


Whether your system problem is a-c or d-c, Jack & Heintz has the engineering 
know-how and complete facilities to meet your needs. Write Jack & Heintz, Inc., 
17632 Broadway, Cleveland 1, Ohio. Export Department: 13 E. 40th Street, 
New York 16, N. ¥. ©1956 by Jack & Heintz, Inc, 
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Score Another First for Menasco! 


The nose and main landing gear produced by 
Menasco for the Lockheed Electra will be delivered 
as complete pre-tested, functional systems, ready 
for installation in the airframe. This includes 

‘tires, wheels, brakes, steering system, wiring, 

’ plumbing, gear-mounted valves and switches. 


It is fitting, too, that the Electra, America’s 

first turbo-prop airliner, utilizes the latest 

advance in landing gear design and manufacture — 
Uniwelding of high heat treat steels—a 
combination pioneered and offered exclusively 
MENASCO, specialists in aircraft landing gear. 


First in development, quality, delivery and service 


menasco manufacturing company 


805 South San Fernando Boulevard, Burbank, California 


landing gear 


SPECIALISTS IN AIRCRAFT LANDING GEAR 
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Meeting the needs of Precision flying 
... With equipment that’s ‘Certified by a World of Research”’ 


= 
= 


NAVIGATIONAL— long and short range 
COMMUNICATIONS 
AUTOMATIC CONTROL 


Federal Telephone and Radio Company, a division of International 
Telephone and Telegraph Corporation, has long been identified with 
the pioneering of outstanding contributions to safer, more dependable 
precision flying. Today, Federal is a recognized leader in the development 
and production of navigational, communications and automatic 
control equipment . . . for ground and airborne installations. 
Federal’s years of experience in research and high skill in manufacturing— 
plus Federal’s unlimited access to the techniques and engineering 
achievements of 1TaT associates in over 20 countries—are ready now 
to meet the needs of commercial, military, executive and private 
aircraft ... with equipment that’s “Certified by a World of Research.” 
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Linnert, Theo. G., Head of Engrg 


Air Logistics Corporation 


Garnett, Bernarr J., Lead Mar Design Engrg 
Thorp, John W., Design Cons. 


Air Transport Association of America 


Arnold, Brig. Gen. Milton W., V-P—Operations 


Talmage, Donald B., Asst. Dir., Engrg 


Air Transportation Magazine 


Budd, John F., Editor & Publisher 


Airborne Accessories Corporation 


Hopkins, Wm. R 


, Staff Engr. 
*Rhodes, W. 


Cortlyn, Pres 


Airborne Instruments Laboratory, 


Inc. 
Lindner, Melvin, Mech. Engr. 
Litchford, George B., Supvr., Radar & Naviga- 
tion Dept. 


Margosian, John W., 


Aircraft Armaments, Inc. 


Hirsch, Richard A., Design Engr 
Jacobson, Joel M., V-P & Gen. Mgr. 
Marvin J., Ch. Struct. & Aerodynamics 


Engr 
Paine, Joseph P., Asst. Dir. of Engrg 
Sanford, Richard W., Dir. of Engrg. 
Zouck, Robert L., Asst. Ch. Engr., 


Div. 


rdnance 


Aircraft Conversion Engineering 
Co., Inc. 


James E., Pres. 


Aircraft Engineering Foundation 


Leibolt, John D., Engrg. ae Pilot 
Thompson, Richard L.. & Aero. Eng 


Aircraft Engineering and 
Maintenance Company 


Barrie, Allan A., V-P 
Aircraft Engineering Service 
Company 
Snow, 


Floyd E., Owner & Ch. Engr 


Aircraft Engines of the World 


Wilkinson, Paul H., Editor and Publishe 


Aircraft Equipment Testing Company 


Harry P., Gen. Mgr. 


Kupiec, 


Aircraft Industries Association 
of America, Inc. 


Geuting, Joseph T., Jr., Megr., 
Council 
Guerin, Roland L., Tech Service ant Member 
Phillips, Maj. Gen. James t 
Guided Missile Committee 
Webb, Capt. Leland D., USN (Ret.), V-P 


Utility Airplane 


Aircraft Magazine 


Halford, Robert George, Editor 
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Dix 
Bak D Engr 
Benscot Aerophysics S ¢ 
*Bollay, \ Tech. 
Cat W 
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Savage, Design Engi Hall, Eng 
Shapiro, Joseph, Heller, 
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Moore, N 
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TWO-TON TILLIE 


sharpens pencils to one ten-thousandth of an inch! 


T° perfect this gentle giant, Eagle labora- 
tory technicians spent three years and 
$25,000—because Two-Ton Tillie makes our 
other pencil tests make sense. 


It sharpens all test leads, thick or thin, hard 
or soft, Eagle or competitive, down to a cylin- 
drical point of .050” diameter (+ .0001”’) as 
illustrated at right. You can see that such a 
“point” will present a constant area to the 
paper throughout any test and will let us 
compare smoothness, durability or opacity 
on a fair and equal basis. 


It will also sharpen at any desired angle. cre- 


? 
* 


ating identical long-tapered drafting points 
for needle-point strength tests. 


The results enable us to test our research, 
confirm our improvements and maintain our 
quality. Whether you sharpen your pencil by 
knife, razor, sandpaper block, or regular 
pencil sharpener, remember Two-Ton Tillie. 
It’s part of Eagle’s continuing research to 
keep TURQUOISE the finest drawing pencil 
in the world. 


SAMPLE OFFER: Send for a free Turquoise Drawing 
Pencil in the grade you prefer, 6B to 9H. Prove 
it's best in your own hand. (Please mention this 
magazine.) 


TURQUOISE. 


DRAWING PENCILS AND LEADS 


EAGLE "CHEMI*SEALED” TURQUOISE DRAWING HB 
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Aircraft Products (Pvt.) Ltd. 


Brown, Robert, Mgr.-Dir. 


Aircraft Radio Corporation 
Hull, Lewis M., Chairman, Bd. of Dir. 
*Parker, A. W., Jr., V-P 
Aircraft Research Association, Ltd. 


Hills, Ronald, Ch. Exec. 


Aircraft Supply Company 


Vierling, Bernard J., Partner 


Airfleets, Inc. 


Rockefeller, W. C., V.-P. 


Air-India International Ltd. 
Michael, F. A., Engr.-in-Charge, Engine Build-up 


& Propeller Overhaul Sects. 


The Airscrew Company & Jicwood 
Limited 
Lynam, Frank Charles, Dir. & Gen. Mer. 


Airways (India) Limited 


Roy, K. K., Managing Dir. 


Alabama Polytechnic Institute 
Miller, Ralph B., Prof., Aero. Engrg. 
Pitts, Robert G., Head Prof. Aero. Engrg 

Alaska Helicopters, Inc. 


Ricklefs, James S., Pres. 


Alco Products 


Gallagher, Joseph G., Reactor Engr. 


Vern E. Alden Company 
Friedlund, Donald R., Struct. Engr. 
Kole, George J., Struct. Engr. 
Alexander & Alexander, Inc. 
Piersol, Rodney E., V-P 


All American Engineering Company 


Blackmann, Martin Be Engr. 

Cotton, Robert B., 

Goskowski, Raymond a Jr. Proj. Engr 
Green, Howard S., Sr. Proj. Engr. 
Highley, Frank i. Jr., Stress Engr. 
Hittner, Alvin, Sr. "Stress Engr. 
Janney, Raymond B., Il, Ch. Engr. 
Plumer, William E., Proj. Engr. 
Weatherly, Lloyd H., Jr., Asst. to V-P 


All Steel Equipment, Inc. 
Grube, Karl P., Pres. 


Allard Instrument Corporation 


Skrobisch, Alfred, Pres. 


Allegheny Airlines, Inc. 


Moe, Byron Alfred, 
ning 


Dir.—Operational Plan- 
Allen Aircraft Products, Inc. 
Mann, Neil W., Pres. 


Allen Electronics Company 
Allen, Hugh E., Owner—Gen. Mgr. 
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Allied Chemical and Dye 
Corporation 
Bigelow, M 


ice H., Supt., Barrett Div. 


Allied Processes 


Veltre, Ger Engrg. Designer 


Allied Research Associates, Inc. 


Athens, Peter B., Engr 
renner, Clau W., Proj. Engr. 
Ch. Proj. Engr 
E., Research Engr 
R., Sr. Engr. 
\., Engrg. Mathematician 
V-P 


Sr. Engr. 
Pres 
Sargent, The P., Research Engr. 


Smith, John A., Sr. Engr. 
Summers, R rt A., Proj. Engr 


Allis-Chalmers Manufacturing 
Company 


Claude, R t | Application Engr., Com- 
pressor Dept 
*Emmert, H. D., Engr. in charge, Turboprop 


Engine Sect 


Allison Airplane Company 
Allison, Law M., Engr. 
Allmetal Screw Products Company, 
Inc. 
Forman, George R., Engr. 
Alloy Engineering and Casting 
Company 


Miller, Cart Process Engr., R&D Div. 


Allstates Design & Development 
Company 


Broecker, H Gr. Leader 

Finam ( B., Proj. Engr 

Myers, R rt Engr., Power Turbine Con- 
trols G1 

Rodman, W t , Proj. Engr., Boston Div. 

Welsh, Har Design Engr. 


Altair, Inc. 


Mancusi, J. J., Jr., Pres 


Altoscan Company, Inc 


Colcord, W V-P & Treas. 


Aluminum Company of America 


Dolan, Robert Bernard, Proj. Engr 


Fau Ikner Head, Aircraft Sect., Devei. 
Di 
I Sales Engr. 
Hartmann, Ernest C., Asst. Dir. of Research, 
Aluminum Research Labs. 
Hill, Harry Norton, Ch., Engrg. Design Div., 
lu R rch Labs. 
)., Asst. Mg Fy 
Ir., V-P & ch 


Das Sales Eng 


ler, Joseph H., Rese: Engr., Alu 


minum Re se abs 

*Thornton, Kir F., Ch. Engr., Sales Devel. 
Div. 

Welty, G. Don, Mgr.—Aircraft Sales 

Woodw: urd, W m C., Mgr.—Forging Sales 

Wright, Robert H., Mgr. Bridgeport Br. Sales 
Office 


Aluminum Company of Canada 


Emer, Sam, Struct. Engr. 
Suchoversky, Ihor, Engr. Tech. Dept. 


American Airlines, Inc. 


Beard, Myron Gould, Asst. V-P 
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Brandewiede, Gregory J., 
Stores 

Breeden, J. S., Engr.—Struct. 

Brick, James E., Asst. Engr. 

Brink, Glenn H., Capt. 

Brown, George G , Supvr., Inst. Elect. Maint 

Cline, James A., First Officer 

Curry, Robert C., Proj. Engr.—Aircraft Struct 

Farrah, Jere Tiffin, Mgr., Power Plant O rhau 

Harris, Thomas Jesse, Dir., Cargo Sales 

Little, David S., Supt., Airway Aids & Ele 


V-P—Purchasing § 


tronics 
*Littlewood, William, V-P—Research 
Madayag, Angel F., Engr., Operational Engrg 


Mason, E. Gilbert, Dir. of Ind Design 

Moore, Byron Carr, Capt. 

Mosier, Orval M., Sr. V-P—Operations 

North, David A., Proj. Engr., Powerplant 
Systems 

Smith, C. R., Pres. 

Taylor, David W., Flight Engr 

Whitlock, J. R., Proj. Engr.—Electronics 


Overhaul & Supply Depot, Tulsa, Okla, 


Diemer, Ewald R., Engr., Air Systems 

Hall, William H., Dir.—Design Engrg., Maint 
& Engrg. Dept. 

Hannan, William P., Proj. Engr., Air Systems 
Gr. 

Harris, Thomas J., Dir., Power 

Lawrence, William C., Asst. V-P—E 

McLean, George D., Proj. Engr.—Operati 
Engrg. 

Olson, Bruce, Proj. Engr.—Struct 

Raiguel, Edward H., Dir., Aircraft Engr 

Spearman, William E., Dir.—Design Er 


American Aviation Publications 


Murphy, Joseph S., Tech. Editor 
Parrish, Wayne William, Pres. & Publisher 
Stevens, James Hay, U.K. Ed. & R 


American Bosch Arma Corporation 
American Bosch Division 


Stark, W. Thomas, Mgr., Special Products 


Arma Division 


Foss, a T., V-P & Gen. Mgr 

Gittens, E. D., V -P & Ch. Engr. 

*Guterman, Frederick H., Asst. V-P, 
& Customer Relations 

Halperin, Eugene, Sr. Engr. 

auser, George H., Jr., Sr. Publ ion Er 

House, Raymond N., Jr., Sr. emg 

Lazur, John W. Special Proj. (¢ 

Lutz, Chas. H., De spt. Head 

Neville, Leslie E., Dir. Public Relations & Ad 
vertising 

Slattery, Theodore B., Asst. Dept. Head, Er 
vironmental Research Dept. 

Sommer, Arthur V., Dept. Head, Ground Equi 
Dept., Missile Guidance Sect.’ 

Walz, Louis E., Air Force Rep 


American Car & Foundry Company 


Johnson, J. Algot, Asst. to Ch. Mech 


American-Eastern Electronics 
Company (Israel) 
Behmoiras, Major Jacques, Head, Me Engrg 


Sec 


American Electronic Manufacturing, 
Inc. 


Steele, Harry M., Jr., Ch. Engr 


American Electronics, Inc. 


Risner, L. Wafe, Application Engr 


American Fixture, Inc. 


Lief, Milton, V-P—Mfg. 


American Flight Strips Association 


Hanks, Col. Stedman S., Trustee 


American Helicopter Magazine 


Droutzkoy, Alexis, Editor 
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American Helicopter Society, 
Incorporated 


Lounsbury, Harry M., Exec. Secy. 
American Machine & Foundry 
Company 


Golden, Jack, Dir., Turbo Engrg. Dept 


Jaros, Zygmunt, Defense Products Mgr., Atomic 
E sy Div. 

Morgan, C. Richard, Research Engr. : 

Powell, James W., Proj. Engr., Turbo Engrg. 
Div 

Sherburt Clinton P., Proj. Engr. (Devel.), 


Turbo Engrg. Dept. 


American Meteorological Society 


Spengler, Kenneth C., Exec. Secy. 


American Motors Corporation 


Tomich, Louis, Sr. Engr.—Stress Analysis Gr., 
Hudson Special Products Div. 


American Non-Gran Bronze 
Company 
*Van Bibber, Arthur E., Pres. 


American Petroleum Industries 
Committee 


Lothrop, E. Earl, Mgr. Aviation Sect. 


American Potash & Chemical 
Corporation 


Bers, Naum S., Sr. Instrumentation Engr. 


American Power Jet Company 


Ciccotti, James M., Proj. Engr. 

American Research & Manufacturing 
Corporation 

Goda, Herbert L., Pres. 


The American Society of 
Mechanical Engineers 


Davies, C. E., Secy. 


American Steel Foundries 
Green, James F., Hydraulic Design Engr., Elmes 
Engrg. Div. 
American Time Products, Inc. 


Wright, Stephen C., Ch. Mech. Engr. 


American Turbine Corporation 


Ross, David H., Devel. Engr. 


American Viscose Corporation 


Marvin, Philip R., Cons. 


Ammann & Whitney 


Whitney, Charles S., Partner—Cons. Engr. 


Amphenol Electronics Corporation 


*Schmitt, Arthur J., Pres. 


Anderson, Greenwood & Company 
“Anderson, Ben M., Pres. & Gen. Mer. 


Beckmann, Herbert K., Ch., Aerodynamics 
Greenwood, Marvin H., V-P., Engrg. & Sales 
Ligh, J. Yen, Design. Engr 

Prcanel Allister L., Sr. Proj. Engr. 
Slaughter, Lomis, Jr., Ch. Engr. 


Anderson Nichols & Company 
Schliemann, J. B., Cons. Engr. 
W. M. Anderson Trading Company, 
S.A. 


Todaro, Juan, Sales Engr. 


E. F. Andrews Laboratories 


Andrews, E. F., Owner—Dir. of Engrg. 


Anelex Corporation 


House, Frank R., Ch. Engr. 


Angelus Aircraft, Inc. 


Dodson, Gerald Edwin, Proj. Engr. 


Ansaldo, S.A. 
Valdenazzi, L. G., Head of Research, Gas Tur- 


bine Dept. 


Apex Electrical Manufacturing 
Company 


Randolph, Donald W., V-P—Engrg. 


Applied Electro Mechanics, Inc. 


Banks, Charles R., Owner 


Applied Hydraulics 


Horchler, Bennett H., Gen. Mgr. 


Applied Physics Laboratory 
(See The Johns Hopkins University) 


Applied Psychology Corporation 


Sleight, Robert B., Pres. 


Applied Research, Inc. 
Kiebert, Martin V., Jr., Dir. of Electronics 
Research 
Arabian American Oil Company 
Gilmer, G. Walker, III, Engr., 


Kearney, Walter M., Pilot 
Montoney, Richard L. 


Aviation Dept. 


Archbold Expeditions 


Archbold, Richard, Pres. 


Arde Associates 


Nankey, Ralph W., Sr. Dynamicist 
Peitzer, Herbert E., Sr. Aero. Engr. 
*Sage, C. G., Pres. 


Arizona Helicopter Service, Inc. 


Montgomery, Edwin J, Pres. 


Arizona State University 


Thompson, Lee P., Dean, College of Applied 
Arts & Sciences 


Arkwin Industries, Inc. 


Kling, Nelson G., Ch. Engr. 
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Armco Steel Corporation 


Wolford, Don S., Research Mech. Engr., Re- 
search Labs. 


Armour Research Foundation 


Beck, Niels Christian, Asst. Mgr., Program 

Islinger, Joseph S., 
Engrg. Sect. 

Iwanski, Edmund Charles, Research Asst. 

— Alfred, Supvr., Aeromechanics Research 
Jept. 

Arthur A., Assoc. Research Engr. 

Tzantzos, George J., Assoc. Engr. 


Research Engr., Materials 


E. T. Armstrong, P.E. 


Armstrong, Edward Thomas, Cons., Research & 
evel. 


George S. Armstrong & Company, 
Inc. 


Armstrong, George S., Pres. 


Armstrong Patents Company Limited 


Armstrong, William, Managing Dir. 


Sir W. G. Armstrong 
Whitworth Aircraft Ltd. 


Hilton, William Frank, Ch. Aerodynamicist 
Keen, Edward D., Ch. Designer 


Lee Arnold Associates 


Slutsky, Simon, Research Scientist 


The Arnold Engineering Company 


Friend, Halton H., Asst. to Pres. 


Arnoux Corporation 


Booth, Richard B., 


Instrumentation Engr. 
Clune, James G., 


Instrumentation Engr. 


ARO, Inc. 


Bloxsom, Daniel E., Engr., Gas Dynamics 
Facility 

Brown, St. George Ambler, Engr., Ram 
Engine Br., Engine Test Facility, AE c 

Buck, Melvin L., Design Engr. 

Delano, James B., Mgr., Propuision Br., Pro- 
pulsion Wind Tunnel 

Dietz, Robert O., Engr. 

Durand, Jack A., Aerodynamicist, ‘‘B’’ Br., Gas 
Dynamics Facility 

Faehl, Wenneth C., Engr., Operations Br., 
Engine Test Facility 

Ferrell, Joel, Jr., Mgr. 
Engine Test Facility 

Frederick C., Mgr., Plant Operations 
Br., Engine Test Facility 

Gardenier, Hugh E., Mgr., Transonic Br., Pro- 
pulsion Wind Tunnel 

Garrett, John W., Proj. Engr., Ramjet Br. 

Goethert, Bernhard H., Ch., Propulsion Wind 
Tunnel Div. 

Gray, J. Don, Aero. Engr. 

Guthrie, Robert J., Engr. 

Haney, Phil P., Jr., Engr., AEDC 

Harvey, Ray WwW. Sup. Performance & Analysis 
Sect., Turbojet Br., Engine Test Facility, 


, Propulsion Proj. Br., 


AEDC 

Hensel, Rudolph W., Asst. Ch., Propulsion Wind 
Tunnel 

Hull, Gene Howard, Eng 

jones, ta Jr. Staff ‘Engr., Engine Test 
Facility 

Matz, Roy J., Test Engr.—Engine Test Facility 

Milillo, Joseph R., Aero. Engr. 

Mullowney, Penn E., Staff _ Office of 
ir. of Engr. 

Randall, Robert E., Engr. 

Reichmann, H. yas Jr., Engr. 

Rhudy, James P., Engr., oR” Proj. Br., Gas 
Dynamics Facility 

Russell, Robert T., Engr. 

Schneyer, Raymond, poo Ch., 
Facility 

Schueler, C. J., 

Seagrist, Eldon "Staff Engr., 
Facility 

Sivells, James C., Megr., “B” 
Dynamics Facility 

Smelt, Ronald, Ch., Gas Dynamics Facility 


Gas Dynamics 


Engine Test 


Br.—Gas 
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Strike, William T., Jr., Engr. | 

Tatro, Robert E., Aero. Engr. 

Webb, Mona Ferguson, Struct. Engr. 

Webster, Lee F., Ramjet Test Prelim. 
Engr. 

Wild, John M., Dir. of Engr. 

Wimbrow, William Robert, Supvr., Aerody 
namics Test Proj. Sect.—Transonic Br., PWT 

Wood, Herbert T., Jr., Engr. 


Study 


Aro Equipment Corporation 


Coburn, James M., Cons. 
Padden, Norman W., Sales Rep., 
Area 


Northeast 


Artex Aluminum Corporation 


Robey, Waddell F., Jr., Jr. Engr., Install. De 


sign Engrg. Div. 
Asch Equipment Company 


Asch, A. B., Ch. Engr. 


Aspen Engineering Service 


Hendy, Frederick C., Cons. Engr. 


Associated Air Services 


Clark, Gene W., Aero. Engr. 


Associated Aviation Underwriters 


*Scarritt, Daniel DeR. M., Mer. 


Associated Missile Products 
Corporation 


Crisp, Raymond F., Pres. & Gen 

McCann, Frank A., Jr., Dir. 
tions Div. 

Pugliese, Dominic A., 


_ Mer. 
Customer Rela 
Engrg. Checker 


Ateliers de Construction Electrique 


de Charleroi 


Godts, J. E., Ch. Designer, GA/RP 


Ateliers Aviation Louis 8reguet 


Brocard, Jean, Dir. Des 
Jaillard, Paul E., Research 


Recherches 
Engr. 
Atlantic Aviation Corporation 


Berger, Alexander, Pres. & Ch. Engr. 


Atlas Corporation 
Odlum, Floyd B., Pres. 
Roskefeller, W. C., V-P 
Atomic Energy for Industry, Inc. 


Lutz, Chas. H., Pres 


Atomic Energy of Canada, Limited 


Moffett, Richard J., Mgr. of Devel 


Atomics International 
Bienvenue, Louis L., Research Engr. 
Marke, Michael L., Engr.—Design 

Audio Products Corporation 


Herrmann, Theodore, Ch. Design Engr. 


Auster Aircraft Limited 


Bird, Ronald E., Ch. Designer 
Rome, Thomas P., Designer 


Australian National Airways Pty. Ltd. 


Occo, John Charles, Ch. Draughtsman 
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Auto Glass Man 


NG REVIEW 


ufacturing Company 


Knobloch, F. D., Pres 


Autogiro Company of America 


Pitcairn, Har 


Stanley, Paul | Cc 


Pres 
h. Engr. 


Automotive News 


J 


Benedict, 


ngrg Editor 


Avco Manufacturing Corporation 


Advanced Dev 


elopment Division 


Benulis, Walter | Assoc. Scientist (Aero.) 
Boison, J. ¢ stopher, Sr. Scientist—Aerody 
namics 
Goldman, G M., Head, Operations Analysis 
Kahane, At I Ch., Aerodynamics Sect. 
Meckler, Lawrence, Aerodynamicist 
Migotsky, Eug Sr. Aerodynamicist 
Raphael, Coleman, Ch. of Struct. 
icles, Robert |} ul Leader, Design Aerody 
namics 
Robb, Alexa Sr. Scientist, Stability G1 
Leader 
Rosen, B. Walt Sr. Scientist (Struct 
Sokolsky, Sau Ass Aerodynamicist 


Watson, James 
& Data Redu I 
Ziotnick, Mart Sr 


American K 


Burke, Louis I Ct 


Head, Field Test Planning 


Gr. 
Aerodynamicist 


itchens Division 


Engr. 


Crosley Div. 


Hufford, D ( 


Aerodynamics 


Lycoming Division 


Ashworth, J. Edw 
Baldwin, Hart M 
Control 
Compagnon, M 
dynamics 
Connors, Hat 


Dayton (Ohio) Rep 
Gen. Foreman, Quality 
A., Devel. Engr., Thermo 


Tech. Engr., Aerodynamics 


Cross, Norman | Field En , Gas Turbine 

Eckber, D I Sr. Engr., Gas Turbine 
Dept 

Fyfield, H. S S Engr 

Graham, 1 Ct 

Howard, Ler Engr., Gas Tu 


bine De 


, Jet Engine Div. 


\ Engrg. 
Devel. Engr., Gas Turbine 
Proj. Control Engr 
lL» Engr., Facilities & Test 
I Dept. 
Research Laboratories 


Adams, M ( 


Detra, Ralph W Res 


Feldman, Saul, Res 
Kemp, Nelson H 
Ridd “re 


Aviation 


Cahn, Edgar B 


rch Scientist 

irch Scientist 
rch Scientist 

unced Research Engr 
Research Engr 
Research Scientist 


Analysts, Inc. 


res 


Aviation Financial Services, Inc. 


Harris, Har 


Avica Eq 


Chorley, Per I Ge 


Avi 
*Boschen, W 


Feldman, Je 
Minarovict 


res 


uipment, Ltd. 


Sales Mgr 


en, Inc. 
O., Asst. Gen. Mer 
ntracts Administrator 


Ch. Service Engr 


Nestel, Mfg. & Asst. t the 
Pres. 
Siegel, Herman, Prod. Supvr., Aviation Engrg 


lv. 
Weiss, Leo A., Pres 
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Avien Service Corporation 


Maller, Monroe, V-P, Gen. Mer 


Avionica 


Bottaro-Lopez, Alfredo F., Ow: Dit 


Avions Fairey, S.A. 


Edouard, Asst. Tech. Mgr 


Avions L. Breguet 


Roger, Stress Analyst 


Aviquipo, Inc. 


Brown, Gerson, Sales Engr. & Purchasing Agent 
Niedelman. Samuel, Pres 
Surbeck, Richard U., V-P 


Aviquipo de Venezuela 


Barry, Earle W., Gen. Mgr. 
Avro Aircraft, Ltd. 
Ames, J. W., Ch. Test Engr., Struct. & Mect 


Berwick, Lawrence H., Design Engr. 
Boucher, Roland J. S., Stress Engr 
Boughton, Edward R. S., Sr. Design Engr 
Buckingham, Dalton R., Asst. to Gr. Leader, 
CF105 Hydraulic Systems 
Chamberlin, James, Ch. Technician 
Coiley, Geoffrey M., Stress Engr. 
Cove, William Edward, Patents Officer 
Czerwinski, W., Initial Proj. Office Suy 
Dimock, Graeme Ker, Aerodynamicist 
Ferenc, Adam Joseph, Stress Engr 
*Floyd, James Charles, V-P—Engrg 
Gay, Lionel O., Design Draftsman 
Gibson, Ronald T., Sr. Liason Engr 
Grottland, Berthin, Design Engr. 
Grzedzielski, Alexander, Stress Sect. ( 
Hancock, Aubrey H. T., Designer Nir 
Flight Test Instrumentation 
Handforth, Gordon W., Sr. Design Eng: 
Hayman, Thomas, Stress Engr. 


Kobel, Robert Lloyd, Aerodynamicist—Speci: 
Proj 

Korsak, Kazimierz, Sr. Design Engr 

Kosko, Eryk, Asst. Ch. Stress Engr 


Lassam, James, Sr. Design Engr. 

Leyds, J., Engrg. Aerodynamicist 

Lindon, Carl V., Proj. Designer 

Lucas, John Harvey, Sr. Aerodynamicist 

Lynch, Ernest John, Test Engrg. Sut 

Marshall, Rolf F., Tech. Asst. to V-P— Engrg 

Maynard, Owen Eugene, Stress Engr 

McCarty, Lewis Cornwallis, Jr., Ex« \sst 
V-P—Enegrg. 

Millie, John H., Equip. Engr. 

Mitchell, Frederick Paige, Ch. Stress Eng 

Ranta, Sorjo, Stress Engr 

Richardson, W. Ross, Design Eng 

Roden, Berkeley, Sr. Aerodynamicist, S 
Proj. Gr 

Sampson, Gordon B., Design Engr 

Schlegel, lven Lee, Proj. Engr 

Schmuck, A. E. L., Mech. Test Engr 

Schwartz, Arthur B., Proj. Weight Eng 
Initial Proj. Office 

Scott, John M., Stress Engr. 


Shearly, Richard N., Stress Analyst 

Stalony-Dobrzanski, J. A., Asst. Ch. Aerody: 
namicist 

Stein, Joseph A., Aero. Engr. 

Toms, Clinton J., Design Draftsman, Aircr 


Design Office 
T'releman, L. M., Design Engr. 
Turner, David L., Stress Engr. 
Vale, Robert E., Sr. Stress Engr 
Watts, George A., Aerodynamicist 
Woodward, F. A., Theoretical Aerodynamicis 


Avtron Manufacturing, Inc. 


Fritz, Dwain E., Pres. 
Axelson Manufacturing Company 
Shields, G. R., Aviation Sales Mer 


Babson Institute of Business 
Administration 


Dobbins, John H., Student 


Nutt, Art 
Rosa, \ 
Dept 
Zloe, E 
Equiy 
Rose. Pet 
— 


ig Agent 


lamicist 


pany 


SS 


AERONAUTICAL ENGINEERING REVIEW—SEPTEMBER, 
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Use Mercator’s Projection 
to chart your future! 


Mercator was looking for a better way to map-making. But his dis- 
covery could well be your career guide. Just move parallel along a 
creative engineering course and follow the straight line to success. 


Where? At Temco! Here your abilities are combined with the 
opportunities this growing aircraft organization offers. And here are 
opportunities .. make no mistake. Tremendous possibilities, matched 


to your talents. Temco is fast-moving, dynamic, paced to today’s 
defense demands. 


If you want to chart your way to real achievement, let us know. 
Just a letter with your qualifications to: 


| Engineervit:g Personnel, Temco Aircraft Corp., Dept. F 

| Box 6191, Dallas, Texas 

| Openings now at Temco Plants in three Texas communities — 
: Dallas, Garland, and Greenville 


AIRCRAFT CORPORATION, DALLAS 
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Bair, Freeman & Molinare 


Lettvin, Norman, Patent Lawyer 


Baker and Company, Inc. 


Gray, Harold E., Engr. 


Baker Steel & Tube Company 


*Boore, J. P., V-P & Gen. Mgr. 


Michael Baker, Jr., Inc. 


Zacharias, D. L., Secy. & Treas. 


Baltimore Research and Development 
Company, Inc. 


Joyce, Temple N., Pres. & Dir. 


Barksdale Valves 


Barksdale, Si, Pres. 


Barthelmes Manufacturing Company, 
Inc. 


Wischmeyer, Irving J., Secy.—Treas. 


Battelle Memorial Institute 


Bagby, Frederick L., Jr., Ch., 
Thermodynamics Div. 

Gordon, Samuel A., Cons. 

Russell, H. W., Tech. Dir. 

Tietzel, Frederick A., Principal Aero. Engr. 

Williams, David Tyndale, Div. Supvr. 


Aeronautics & 


Baumann Aircraft Corporation 


Baumann, Jack B., Pres. & Ch. Engr. 


Bausch & Lomb Optical Company 


Coleman, Howard S., Dir., Scientific Bur 


Beaverland Engineering Company 


Lindberg, Robert Wm., Mech. Engr. 


P. A. Beck Company 


Beck, Peter A., Tech. Editor 


Beech Aircraft Corporation 


Boulder, Colo. 


Edgar, John M., Aerodynamicist 
Gilmore, Richard F., Design Engr. 
Soderberg, Laurence R., Aerodynamicist 


Wichita, Kan. 


Anselm, R. Harvey, Staff Engr., Weapons Re- 
quirements, wee Engrg. Div. 

*Beech, Mrs. A. O., Pres. 

Calhoun, John T., Design Engr. 

Dickson, Preston E., Aerodynamic Engr. 

Etherington, Richard E., Design Engr., Power 
Plant Sect. 

Hayes, Henry L., Struct. Engr. 

Jackson, Pink A.. Aerodynamicist 

Kintas, John, Prelim. Design Engr. 

Kroenke, Irvin M., Engrg. Draftsman “A” 

Lew, James N., V-P—Contract Administrator 

Miller, Richard J., Flutter Engr. 

Nelson, Louis D., Prelim. Design Engr. 

Oberfell, Robert H., Design Engr. 

Pearson, C. C., V-P. g. 

Reagan, James F., Mgr.. Missile Engrg. Corp 

Rembleske, Chester A., Design Engr. 

Rosenthal, Gordon, Gr. Engr.—Aero \dynz umics 

Sharp, Raymond G., Engr. 


Bell Aircraft Corporation 


Hall, Charles L., Tech. Rep.—Dayton Area 
Sartore, S. R.. Mgr.—Field Test, Edwards AFB 


cD 
ENGINEER 


Buffalo, N.Y. 


Anderson, Franklin C., Proj. Struct. Engr. 

Anthony, Frank M., Static Test Engr. 

Armstrong, Roy, Mfg. Div. 

Asbury, Herbert O., Leader, Data Processing 
& Analysis Gr 

Bartz, Harry W Design Engr. 

*Bell, Lawrer D., Pres. 

Breiden R rd M., 

Britton, l 

Brown, Jar 


Aerodynamicist 
I Aircraft Tech. Editor 
Jr., Design Engr. 


Bruce, Douglas M., Head, Proj. Stress Analysis 
it 

Brull, Maur \ Head, Analytical Methods 
Gr., St t. Sect 

Cheng, Hs 

Crisman, R I Prelim. Design Engr 

Critoph, R J., Design Engr. 


P., Proj. Struct. Engr. 
Struct. Engr. 
V-P 


Dornberger, Walt R., Guided Missile Design 
Cons. 

Dufort, Robert H., Rocket Sect. Engr 

Egan, Thomas W Aerodynamicist 

Faneuf, Leston, V-P, Gen. Mgr., & Treas 

Fero, Lester K., ¢ Struct Engr. 

File, Warren H., Rocket Test Engr. 


Flint, Fred H., Fl 
Forrest, C. L., Sy 
Goldin, Robe 


Planning Engr. 
ems Engr 
\s Ch. Struct. Engr 
Greenewald, ~'s nd E., Asst. Proj. Mgr. 
Hall, Randoly h F.. Design & Proj. Engr 
Hamli Proj. Mgr. 
Hoffman, James , Aerodynamicist 
Holman, Fred k L., Designer 
Isenberg, Joel S., Head, Research Gr. Aero 
dynamics Sect 
Jackson, Edwin J., Staff Engr., Test Equip 
Design Sect 
Jones, Robert E., Struct. Engr. 
Karnuth, Richard, Design Engr., Aero. Div 
Krivetsky, Alexander, Head, Analytical Methods 
Gr., Struct. Sect 
L andphair, Lee 
Lang, William, S 


Aerodynamicist 
Struct. Engr. 


Laszewski, Marion M., Aerodynamicist 
Macey, Ralph FE Aerodynamicist 
Markey, Roscoe I.. Servomechanisms Er 
Melrose, Ge B., Jr., Proj. Aer 


l . Rocket Install. Engr 
Myers, Harry S., Jr., Tech. Rep. 
O'Malley, James A., Proj 
Padlog, Struct Engr 


Aerodynamicist 


Passman, A., Proj. Aerodynamicist 
Phillips, ~ ard H., Struct. Engr. 
Postle, iz bert S., Design Engr. 


Quillin, W., Jr., Drattsman 
Racisz, Sta inley | Aerodynamicist 
Rattinger, Ivan, Struct. Engr. 


Ray, George D., Ch. Prelim. Design Engr 
Rosen, Dex Manager 

Ryken, Jo D s Analysis Gr. Leader 
Sandstrom, R , V-P—Energ. 

Sawdey, Marshall D.. Proj. Engr. 

Schnitt hu Struct. Engr 

Sing \ Prelim. Design Engr 

Sing, R t Design Engr. 


Smith, H., Designer 

Smith, Richard ¢ Proj. Engr 

Smith, Star W Ch. Airplane Engr 
Smith, W M., Ch. Rocket Engr. 


Stevens son W., Design Engr. 

Strickler I Jr., Exec. Ch. Engr. & Asst. 
V-P, Eng 

van Lonkhuyzer , John H. C., Ch., Tech. Dept., 
Engrg. Div 


Welmers, Everett J., Ch. of Dynamics 
Wheeler, John W., Support Equip. Engr 
Whitman. Ray P., First V-P 

Woods, Robert J., Airplane Design Cons 
Wright, May1 K., Mech. Engr. 
Zabinsky, Joseph M., Aerodynamicist 
Zabriskie, Jesse H., Ch. Test Engr 


Fort Worth, Tex. 


Baker, Samuel K., Sr. Design Engr.—Power 
Plant 

Beadling, John D Rotor Stress & Analytical 
Design Gr. E1 

Carlson, Frank J., Design Engr., Helicopter Div. 

Carpenter, Edward G.. Asst. Proj. Engr. 

em, George, Struct. Engr., Helicopter 
iv 

Duppstadt, J. R t, Proj. Engr 


Fosdick, George W., Design Engr. 

Gean, James A., Gr. Engr.—Aerodynamics & 
Dynamics 

Grudzien, Lewis A., Test Engr., Mech. Lab., 
Helicopter Di 

Kelley, Bartram, Ch. Engr., Helicopter Div 

Lichten, Robert L., Ch. Exp. Proj. Engr 
Helicopter Div 

Mashman, Joseph, Asst. Dir.—Contracts 

McCabe, Warren L., Aero. Engr., Dynamics 


McGuigan, M. J., Jr., Engr., Fatigue Analysis 
iT 

Mertens, Donald A., Sr. Mgt. Engr. 

Metzger, Robert W Struct. Engr 


Neff, James R., Stress Analyst 
Perry, John Wils Contract Administrator 
Shultz, Andrew W Aerodynamicist 
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Bell Telephone Laboratories, Inc. 


Brooks, A. Raymond, Publication Mgr., Whip. 
pany 

Gross, William A., Member, Tech. Staff 

Hanscom, C. D., “Member of Staff 

Johnson, Donald S., Member of Tech. Staff 


Bellanca Aircraft Corporation 
Bellanca, G. M., Cons 
Salvadori, Bruno J., Ch. Eng: 
Bellevue Medical Center 
Ficarra, Virgil Frank, M.D., Asst. Resident 
Surgeon 
Beltz Engineering Laboratories 


Beltz, Charles R., Pres. 


Bendix Aviation Corporation 


Ferguson, Malcolm P., Pres 

Fontaine, A. P., Staff Exec. 

Lansing, Raymond P., V-P, Gr. Exe & Dir. 
*Marcus, Charles, V-P—Gr. Exec 

Raabe, Arthur E., V-P 

Selvidge, Harner, Dir. Special Products Devel. 


Bendix Products Division 


Albright, Franklin C., Ch. E Airfra 

Chwale Richard J., Proj I Hy cs 
Engrg 

DeFrees, Robert E., Asst. Engr., Fuel Systems 
R&D 

Dwyer, Howard I., Jr., Reliability Engr., Mis- 


sile Sect. 
German, Richard C., Asst. Engr. R&D Sect., 
Fuel Metering Gr 
Goslee, John W., Service Engr 
Hodapp, Walter ’B., Customer E ngrg 
Hostetler, Robert James, Asst. gr 
Johnson, Carl V., Staff Asst., Admin., Missiles 
Kennelly, Kermit J., Liaison Engr 
Kramp, Harry F., Supvr. Engr., Extrer Temp 
Lab 


Loy, Carl A., Assoc. Engr., Missile Se 

Luedde, John Clarkson, Engr., Analysis Gr 

Manske, Robert A., Engr. 

Markus, Eugene, Proj. Engr., Aircraft Wheei 
& Brake 

Meech, Ella Mae, Secy.—Engr. 

Meyer, J. Dean, Sales Mgr., Airfra 

Mock, Frank C., Di 3} 

Nelson, Howard J., Jr., Proj. Eng 

Nordgren, Arnold W., Ch. Engr., : 
ponents Testing Lab. 

Parche, John A., Proj. Engr., Missile S 

Starr, Harry E., Asst. Engr., R&D Sect., Fuel 
Metering Gr. 

Strader, Roy D., Liaison Engr 

Stryker, Carleton E., West Coast Re 


Bendix Radio Division 
Jevitt, Stanley Joseph, Principal E 
Computer Division 
Dennis, Paul A., Asst. to Gen. Mg 
Eclipse-Pioneer Division 


Allen, Joseph W., Ch. Elec. Engr.—Accessories 
Alman, Allen rE. Sales Engr 

Bechberger, P. F., Ch. Engr.—Elec. Instruments 
Belsky, Fred Proj. Engr 

Bevins, James E., Dir. of Engrg 

Caruso, Peter J., Proj. Engr. 

Gagg, Rudolph F., Exec. Staff 

Gahm, Herman, Sr. Proj. Eng 

Hastings. Donald F., Sr. uae. 

Isaacs, R. H., Gen. Mgr. 


Jenny, Cletus Engr. 
Kimball, Vernon Ch. Product I 
— Eng 


Kocher, Addis E. 
Le gr. 
Noxon, Paul A., Ch. or —Automatic Pilots 
Seliger. Rudolf R., Proj. Mer 


Shangraw, Clayton C., Exec. Engr 
Siltanen, John C., Market Spec 


Friez Instrument Division 
Hauck, Vernon D., Factory Mgr 


Orville, Howard T., Tech. Cons. 
Wood, Louvan E., Ch. Engr. 


Kansas City Division 


Richardson, I. F., Asst. Gen. Mat 
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Fabi 
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Pacific Division 

cooper, Edwin O., Service Mgr.—West Coast 
Monroe Perry, Mech. Design Engr., 

issile Test Equip., Missile Devel. Lab. 
Hoof, ‘Robert G., 2 & E.M. Sales Mer. 
Overholser, Asst. to Gen. Mer. 
Pannell, Robert L. Sr. Proj. Engr., Devel. Labs. 
Reed, Chester L., Engr. 
Siltanen, John C., East Coast Tech. Rep. 


Research Laboratories Division 


Ballinger, J. R., Proj. Engr. 

Barcus, Ronald, Engr. 

Knopf, George S., Exec. Engr. 

LaVallee, R. Stanley, Systems Engr. 
Scintilla Division 

Spengler, Walter J., Dir. of Engrg. 
Utica Division 


Mills, Frederick, Engr. 


Bensen Aircraft Corporation 


Bensen, Igor B., Pres. 


Bergdahl Associates 


Bergdahl, Edwin O., Jr., Pres. 


Bethlehem Steel Company 
Bergeron, J. Paul, Engr., Shipbuilding Div. 


Beverly Electronics, Inc. 


Fabian, George, Design Engr. 


The BG Corporation 


*Goldsmith, Richard, Pres.-Treas. 


A. Biederman Precision Instrument 
Laboratories 


Biederman, A., Gen. Mgr. 


Binkley Manufacturing Company 
McKay, Harry M., Ch. Engr. 


Birdair Structures, Inc. 


Bird, Walter W., Pres. 
Smith, Alvin C., Mgr., Ind. Devel. 


Bissell Carpet Sweeper Company 
Lathrop, Henry T., V-P & Secy. 
Blackburn and General Aircraft 
Limited 
Rowe, Norbert Edward, Tech. Dir. 


E. W. Bliss Company 


Farmer, Edward H., West Coast Div. Mgr. 
Klein, Norbert H., Field Service Engr. 


Bobrick Manufacturing Corporation 
Bobrick, Arthur L., Ch. of Bd. 


Boeing Airplane Company 


Seattle Division 


Abel, Calvin J., Fit. Test Admin. Engr. 

Acheson, Duane B., Design Engr. 

Adams, Donald N., Draftsman 

Adams, Harold L., Operations Mgr., Field Test 
Sect., Pilotless Aircraft Div. 

Albiston, Weston B., Field Service Engr. “B” 

Alexander, John D., Proj. Engr. 

Anderson, Harvey Edward, Engrg. Designer 


Archer, Waine, Jr., Unit Ch., Weapon Support, 
Field Test Sect. 

Ashleman, Russell H., Admin. Asst., 
Plant Unit 

Atkins, Charles R., 367-80 Administration 

Augustyn, Joseph F., Aerodynamicist 

Autry, Charles Peyton, Group Engr., 
& ‘Structures, KC-97 

Badalich, George M., Research Engr. 

Baer, Jerome C Aerodynamist 

Barfoot, J. E., “Proj. Engr 

Barker, John M., Field Tievies Engr. 

Barnes, Franklin K., Engrg. Designer 

Barrick, Ray E., Design Specialist ran 

Batchelor, Burton H., Supvr.—Engrg. Service 
A 

Bateman, Robert E., Sr. Gr. Engr., Aerody- 
namics Prelim. Design 

Beall, Richard W., Assoc. Research Engr. “A” 

*Beall, Wellwood E., Sr. V-P 

Bebie, Hans, Gr. Engr. Pe Design 
Becker, William C., Pilot, Production Flight 
Test 

Bennett, Norman H., Engrg. Designer 

Benny, Richard C., Flight Test Engr. 

Blakely, Carl F., Engrg. Supvr.—Flight Test 
Blount, Gilbert M., Operations Mgr.—Engrg. 
Flight Test 

Blumenthal, Vaughn, Proj. Engr. 

Boll, Rob bert J., Struct. Engr. 

Bosserman, Charles A., Proj. Test Engr., Model 


Power 


Systems 


Bowers, Peter M., Field Service Rep. 

Brackin, Harl V., Jr., Designer 

Braun, Max T., Struct. Engr. 

Bridgforth, Robert M., Jts Sr. Gr. Engr. 
Brook, John C. Stress “Anz alyst 

Brown, Donald 'E, Jr., Assoc. Research Engr. 

Brown, William H., Stress Analyst 

Brubaker, David B., Service Engr. 

Brunet, Richard L., Engr. Designer “B” 
Budish, Nathan N., Prelim. Design Unit 

Burch, Reed L., Associate Engr. 

Butler, Joseph P., Stress Engr. 

Allan L., Aerodynamics Engr. 
Carlson, Donald J., Assoc. Engr.— -Design 

Carlson, Russell M., Flight Test Proj. Engr. 

Carter, Ben H., Engr.—Flight Test Mig. 
Liaison 

Carter, Bryce L., Airworthiness Engr. 

Carter, Harry A., Mgr., Market Research & 
Operations Analysis 

Cheney, Gordon H., Gr. Engr. 

Christensen, David A., Service Engr. 

Clayman, Herbert, Gr. Engr.—Prelim. Design 

Cohn, Benedict, Staff Engr., S. Calif. Engrg. 


ep. 

Conrard, Donald, Field Service Engr. 

Cox, Carl B.. Aerodynamics Engr. 

Cronin, Thomas J., Jr., Aeronautical Engr. 
Designer 

Culnan, David E., Research Engr., IM-99 Proj. 

Culp, Richard Barry, Design Engr.—Wind 
Tunnel 

Curtiss, Howard A., Assoc. Research Engr. “A’ 

Dammer, William Hi., Field Serv. Engr. 

Davis, y. William, Assoc. Engr., Struct. Devel. 
Unit 

Davis, Thomas V., Sr. Group Engr. 

Davison, Gordon N., Struct. Engr. 

Dawson, John T., Engr. Designer, Wind Tunnel 

Dempsey, B. M., Engr. 

DeWeese, Joseph _ Gr. Engr.. 
Staff Unit 

Diehl, Verner P., 

Dixson, Bruce E., 
craft Div. 

Dougall,- William S., Flight Test Analyst “A” 

Dougl: David R., Struct. Engr. 

Dr: akeley, George E., Engr. 

Dunning, Thomas Eugene, Jr. Engr., Stress 
Unit 

Dvorak, George 
Div. 

Easterbrook, William George, Jr. Engr. 
Transport Aerodynamics Staff Unit 

Eckert, Emery E., Assoc. Research Engr. 

Egtvedt, C. L., Chairman 

Eisenhart, Robert D., Engr. 

Engel, Klaus H. C., Designer 

Entz, P. H., Sr. Gr. Engr. 

Enzmann, George, Stress Analyst 

Erchinger, Donald B., Service Engr. ‘‘A” 

Evans, Keith A., Stress Analyst “A” 

Fagerberg, W. Eugene, Flight Test Engr. 

Farley, David H., Liaison Engr. 

Farris, Edsel S., Research Engr. 

Finch, Earl Clifton, Fit. Test Ground Ops. & 
Liaison Engr. 

Finlay, Donald W., Ch. of Prelim. Design 

Finley, William L., Assoc. Research Engr. 

FitzSimmons, Richard D., Asst. Mgr., Domestic 


Power Plant 


Designer 
Asst. to V-P., Pilotless Air- 


Design Engr., Transport 


., Tanker- 


Designer “B” 


Sales 
Flash, Nathan Philip, Design Engr. ““B”’ 
Flodin, Len O., Assoc. Research Engr. 
Flora, Clarence C., Aerodynamics Engr. 
French, Vernon L., Engrg. Designer 
Fulton, Theodore A. Engrg. Designer 
Gannett, Tames R.. Exp. Test Pilot 
Gething, Dorothy Elaine, Assoc. Engr. 
Ginter, Henry Alvin. Field Service Engr. 
Goodmanson, Lloyd T., Proj. Engr. 
Gorjance. William J., Designer ‘“B’’—Engrg. 
Goulet, Jean L., Aerodynamics Engr. 
Grafton, Peter Eldon, Struct. Devel. Unit Engr. 
Graham, Glenn E., Sr. Gr. Engr., Prel. Des gn 
Gratzer, Louis B., Research Engr. 
Gray, Edward Z., Ch. of Struct. 
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Gray, William Lee, Sr. Gr. 
esign, Pilotless Aircraft Div. 
Greenaway, Leonard R., Supvr., 
Devel. Unit 
Guinn, S. Weight Engr. 
aase, Herman H., Ch. Research Analyst, Sales 


Engr.—Prelim. 


Instrument 


Dept. 

Haase, Richard H., Assoc. Engr. 

Hage, Robert E., Proj. Engr. 

Hahn, Edward ibs, Stress Analyst ‘‘A” 

Hamilton, Wm. T., Staff Engr., Aerodynamics 

Hayden, Harold J., Struct. Engr. 

Hepler, Andrew k., Stress Engr. 

Herrington, H. G., Jr., Personnel Engr. 

Higby, William W., Stress Analyst “A” 

Higgins, James J., Engrg. Designer 

Hildebrand, Robert B., Sr. Gr. Engr. 
Design 

Hitchcock, Lester M., of Tech. Staff 

Holgate, Thomas A., ie Engr. 

Holland, George J., Assoc. Engr. 

Houser, Jacque, Aerodynamics Engr. or 

Howell, Clarence S., Jr., Aerodynamics Engr. 

Howell, John William, Assoc. Engr. 

Huntington, William S., Aerodynamicist 

Hyde, David M., Industrial Engr., Methods 
Studies Dept. 

Jacobson, J. Leonard. Engr.—Designer “B” 

7 Jerome Richard, Jr. Engr., B-52 Stress 
nit 

Jennings, Hugh A., Field Service Rep. 

Jewett, Robert H., Ch. Engr., Pilotless Aircraft 
iv. 

Johnson, Bernard Tee, Asst. Operations Megr., 
Flight Test Sect. 

Johnson, George H., Design Engr. 

Johnson, Jack Charles, Engr. Des. “B,’? Wind 
Tunnel Operations Group 

Johnson, Sherwood M., Assoc. Engr. 

Jones, Dietrick C., Engrg. Designer “A” 

Josendal, Victor ihe Struct. Engr. 

Kane, W. Jerome, ‘Asst. Sales Mer. 

Kassel, Henry W., Research Engr. 

Katt. Gerald T.. Field Service Engr. 

Keiter, Floyd G Research Engr. 

Kelly, James F.. Engr. 

Kiehle, Marlin H., Sr. Gr. Engr., Pilotless Air- 
craft Div. 

Kirchner, Mark Edwin, Aerodynamic Engr. 

Kirchner, Otto E., Engrg. Dept.—Transport Div. 

Klopfenstein, H. Wayne, Strugt. Engr. 

Kolve, Irving A., Designer 

Koon, Charles A., Design Engr. 

Korsch, Donald E: Flight Test Engr. 

Kumasaka, Kazuo, Assoc. Research Engr. 

Laderman, Arnold, Assoc. Research Ener. 

Lambert, Willis Rs Assoc. Research Engr. 
“A,” Powerplant Staff Unit 

Langley, George R., Design Engr. “a 

Larsen, Alvin C., Supvr., Stress Unit 

Latz, Robert N., Assoc. Engr., Mech. 

Ledbetter, Girvis E., Sr. Gr. "Engr.—Sress 

Lee, Alan H., Aerodynamics Engr. 

Leisy, Clifford J., Proj. Engr. 

Leo, Devere W., 'W eight Control Engr.—Equip- 
ment & Systems 

Levinsky, Ely Aerodynamicist 

Lieberman, Wm Sr. Gr. Engr. 

Light, Russell B., 

Limage, James S., Struct. Engrg. Supvr. 

Little, Robin K., Engineer—Sales 

Longfelder, Harlowe J., Ch. of Prelim. Design 

March, Paul H., Electronics Foreman, Pilotless 
Aircraft 

Marhefka, J., Engr.—Wind Tunnel 

Martin, D. “Te d,” Mgr. Military Sales 

Martin, Engrg. Designer ‘‘A”’ 

Martin, George "3 Ch. Engr. 

Martin, Thomas i Research Engr. 

Maxam, Fred A., Sr. Gr. Engr., Prelim. Design 

=: Martin je Assoc. Engr., Struct. Devel. 

t 


Prelim. 


McCarty, John E., Stress Analyst “A” 
McClure, Warren F., Weight Control Engr. 


McCormick, Jack E., Sales Engr. 

McDaniel, Keith K., Field Dit. —Guided Mis- 
siles 

McGinnis, John C., Stress Analyst “A” 

McKie, John S., Engrg. Designer 

McLaughlin, W. L. ., Struct. Engr. 

Meins, W. W., Design Engr. 

Mele, John A., Engrg. Designer “B”’ 

Mellis, Richard M., Weight Engr. 

Metcalfe, Kenneth ec: Tr. Engr. 

Miller, Tay W Aero. Engr. 

Miller, Robert R., Flight Test Operations Engr. 

Mock, Elliot V., Prelim. Design Sect. Ch. 

Moorehead, James R., Engr., Designing 

Morris, John P., Aerodynamics Engr. 

Newman, Herman Morgan, Stress Analyst 

Nickerson, Glen, Field Service Engr. 

Norris, Eugene W., Airworthiness Engr. 

Norton, David A., Aerodynamics Engr. “A,” 
Transport Div. 

Olason, M. Lynn, Aerodynamics Engr. 

Osborn, James 


Page, Victor Ross, 
Parsons, Cecil E., PE ts Struct. Devel. 
nit 


Pates, Raymond E., Coordinator 

Pearman, Horace C., Test Engr.—KC 135 Proj. 

Pennell, Maynard L., Ch. Engr.—Transport 
iv. 


Peoples, Philip L., Flight Test Engr. 

Peterson, Richard W., Engrg. Designer 
Peterson, Robert H., Assoc. Engr., Flight Test 
Pickrell, Arthur L., Tooling Research Engr. 
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Z development of ocket power devices. Send complete resume 
and salary to employment manager. 


PRIMARY AND AUXILIARY ROCKET POWER FOR: 
Missile Boosters and Sustainersi: Aircraft, Target Drones, { ncé Rockets, Ejection Systems, Launching Devices. 


>» REACTION MOTORS. INC. 


A MEMBER OF THE OMAR TEAM 


DENVILLE. NEW JERSEV 


Shul 
Simy 
Simy 


Pottis 
RMI POWER ENGINERRING ig devyelopme a new concept a, 
for safer, m@re reliable ejgetionsystems—another example of in- We 
creasing difersification im the application of rocket technology. 
= Engineers‘and Scieniists: creative and rewarding opportunities 
\ 
Zit 
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Ay 
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Potting: 


dy 


r, Ralph O., Engrg. Designer 

Jack E., Jr. "Engr. 

Price, Zachz ary” $., Assoc. Research Engr. 

Privett, A. Curtis, Service Engr. 

Prongay, David M., Aerodynamics Engr. 

Randall, Ray D., Jr. Engr., Wind Tunnel Op 
eratior 

Rasmussen, Robert H., Stress Analyst 

Richmond, Henry T., Sect. Supvr., Service 
Dept., Pilotless Aircraft_ Div. 

Ringe, G. Truxton, Sr. Gr. Engr. & Pilotless 
Aircraft Prel. Design 

Roberts, Clifford E., Wash. Rep. 

Rock, Edward A., Mech. Engrg. Staff Unit Ch 
—Tran Div. 

Rogers, i W., Assoc. Engr., Struct. Staff 

Ross, Lee Test Engr. 

Rotelli, “ae, Proj. Engr. 

Ruffner, Benjamin F., Staff Engr.—Systenis 
Analysis 

Ruszaj, Norbert F., Design Engr. ‘‘A,” Prelim. 
Design Gr. 

Sahaida, George, Engrg. Liaison Man “A” 

Sander, William B., Stress Analyst “A,” Struct. 
Devel. Unit 

Sanders, William Clifford, Research Ener., 
Prelim. Design, —— Aircraft Div. 

Savage, Freeland A., Jr., Engineering Designer 


rer, George S., Asst. Ch. Engr., 
. Clinton D., Jr., Stress Analysis 
erman. Robert Harold, Pilotless Aircraft 

Systems Test Planning Engr. 
Schmidt, Louis V., Aero. Engr. 

Schubert, James Tes Service Engr. & Tech. 
Writer—Jr. Engr. 

Scott, Clayton L., Sr. Prod. Test Pilot 

Scroggs, A. M., Struct. Engr. 

Senesall, Cleve R., Design Specialist 

Shields, Edward B. , Jr., Research Engr., Prelim. 

Shulenberger, Marvin K., Flight Test Engr. 

Simpson, Donald M., Engrg. Designer “B”’ 

Simpson, James Edw., Power Plant Staff Eng: 
& Asst. Research Engr. 

Smith, Abram W., Aero. Engr. 
Smith, Elwood P. Design Engr. 

Smith, Harlan E., Assoc. Engr., Stress Unit 

Snyder, George, Chief Proj. Engr., Pilotless 
Aircraft Diy. 

Sowell, Roderic C., Jr. Engineer, Gas Turbine 
Div. 

Stalzer, Charles E., Stress Analyst 

Steele, Crittenden Pratt, Proj. Engr. 

Steiner, John E., Proj. Engr. 

Stickel, Edward L. Surcies Publications Engr. 

Stone, John H., Engr. 

Strand, Torstein, Aerodynamic Engr. 

Strickland, John T., Sr. Gr. Engr.—Prelim 
Design, Pilotless Aircraft Div. 

Suddarth, James L., Flight Test Operations 


ngr. 
Sullivan, William J., Jr., Assoc. Research Engr. 
Sutter, Joseph F., Aerodynamics Gr. Engr. 
Tapper, Charles E., Jr., Assoc. Research Engr. 
Taylor, George William, Mer.—Domestic Sales 
Thorne, Ned M., Test Engr.—Flight Test Center 
Thurlow, David, Sr. Gr. Engr. 
Turner, M. Jonathan, Struct. Dynamics Unit 
Ch 
Upson, Ralph H., Prelim. Design Engr. 
Voorhees, Alston B., Jr.. Design Engr. 
Struct. Design Asst., 


Walsh, James E., Sr. Gr. Engr. “A” Supvr., 
Struct. Dynamics Unit 

Wells. Edward C., V-P—Enegrg. 

West, Donald E., ” Aerodynamicist 

West, Robert E., Flight Test Engr. 

Westbrook, Henry W., Aerodynamicist 

Westergaard, Tohn William, Designer 

White, Roland J., Aero. Gr. Engr., Tanker 
Transport Div. 

Whitener, Philip C., Gr. Engr.—Wind Tunnel 

Wilburn, Hiram S., Gen. Supvr., Electronic 
ilhoit, Robert, Gr. Engr. 

ison, Abner, Supvr.—Vibration Lab. 

Wilson, T. A., Asst. Ch., Tech. Staff 

Wimpress, John K., Aerodynamics Engr. 

Withington, ae W., Sr. Proj. Engr. 

A., V-P—Gen. Mgr. Pilotless Air- 


crat Di 
Zipp, Hi: aro old W., Staff Engr. 
Wichita Division 


Alldredge, Joel W., Structures Engr. 
Appenfeller, Russell N., Flight Test Ground 
perations Engr. 
Baciak, Albert M. Flight Test Engr. 
Bigley, Benny T., Gr. Engr.—Flight Test In- 
strumentation Design 
Burnham, Robert W., Grade “B” 
Burnham, Walter E.. Ch., Tool Engrg. 
Chamberlin, Henry, Sr. Gr. Engr. “A” 
Chapel, Archie T., Stress Analysis 
Christensen, Lt. Col. James E.. USAF, Deputy 
AF Plant Rep. 
Clements, Harry R., Aerodynamicist 
Depew, Noel F., Foreman, Exptl. Model Shop 
Dolfi, Harry We Design Engr. 
sah Ralph J., Jr., Design Spec ‘alist 
James W., Design Bage. “A” 
SLA Lawrence L., Struct. Engr. 
Hendry, Claude, Design Engr. 
lockett, Arthur M., Gr. Engr 


Hodges, Beverly W., Ch. of Struct. Staff 
Holmdahl, Myles, Assoc. Engr. 

Hufford, Don, Aerodynamicist 

Jackson, Charles E., Struct. Dynamics Unit Ch. 
Jones, James R., Jr. Engr. 

Ketts, Benjamin E., Jr. Engr. 

Kirk, Jack L., Ch. of Tech. Staff, Admin. 
Kueck, Nerhett F., Mech. Equip. Unit Ch. 
Martin, John E., Jr., Sr. Gr. Engr. 

Merrill, A. Elliott. Ch.—Flight Test 

Meyers, Everett E., Mathematician 

Middleton, Wilbur D., Aerodynamicist 
Mitchelson, Robert Ray, Jr. Engr. “A” 
Mutch, Marvin H., Sr. Gr. Engr. 

Nova, Robert A., Mech. Equip. Unit Ch 
Pearce, Wilfred, Sr. Gr. Engr. 

Petrie Flight Test oe, 

Pool, F Vernon, Lead Engr., Service In- 
forma ation Gr., Service Engrg. 

Reynolds, Eugene J., Asst. Proj. Engr. 
Robbins, Robert M., Ch. Proj. Engr. 

Roberts, Edward Harold, Assoc. Engr., Stress 


Anal. 
Rockwell, Robert W., Aerodynamics Engr. 
Rowley, E. H., Asst "Proj. Engr.—B-47 
Sasnett, R. Steve, Asst. Mgr.—Military Sales 
See, John A., Sr. Gr. Engr., Flight Test In 
strumentation 
Skolka, Edwin J., Assoc. Engr 
Smith, Howard W., Stress Analyst 
Snodgrass, Richard B., 
Operations Analysis 
Strand, Donald E., Production Stress Sr. Gr. 
Engr. 
a Edward J., Gr. Engr., Flight Test 
Se 


Research Specialist, 


Vanik, Milford F., Ch.—Tech. Staff 

Varhanik, Harold te Design Engr. 

Wallace, Richard E., Aerodynamics Engr. 

Welliver, Lyman H., Field Service Engr. 

Wetz, William H., Tech. Writing Supvr.. 
Service Engrg. Dept. 

Yarkosky, Edward, Flight Test Ground Opera- 
tions Engr. 


Patrick Air Force Base, Fla. 
Clark, Oliver W., Flight Test Engr. 
Petters, James Richard, Engr. Designer 
Boots Aircraft Nut Corporation 
Boots, N. Jay, Pres. 


Booz, Allen & Hamilton 

Fischbach, Joseph W., Cons. 

ale, Robert I., Partner 
Jones, Ralph W., Partner 
Knippenberl, Henry, Assoc. 
*Pocock, John William, Partner 
Riley, Claude Frank, Jr., Cons. 
Sauers, William F., Management Cons. 
Schwartz, Frederick William, Jr., Cons. 


Borg-Warner Corporation 


Pesco Products Division 
*Allen, Robert G., Pres. & Gen. Mgr. 
Wirtz, Justin H., Application Engr. 
Boston University 
Bailey, Earle H., Asst. Prof., Aero. Engrg. 


Dept. 
Waxer, Leonard J., Asst. Prof.—Aero. Engrg. 


Boulton Paul Aircraft Limited 


North, John Dudley, Chairman & Managing Dir. 


Bowers Manufacturing Company, Inc. 
Caldwell, David C., Secy. 


Braniff Airways, Inc. 


Mouden, L. Homer, Airline Pilot 


Braniff Engineering Company 


Milam, W. T., Pres. 


Brazilian Institute of Technical 
Aeronautics 


Young, Bradley H., Dean—School of Air Trans- 
portation 
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Breeze Corporations, Inc. 
Mascuch, J. J., Pres. 


Brighton Tool & Die Company 


Kujawa, Leo J., Manufacturer 


Bristol Aircraft Ltd. 


Carroll, Thomas D. R., Asst. Design Mer. 
( Britannia) 

Henshaw, Sydney H., Sr. Design Draughtsman, 
Helicopter Drawing Office 

Marsh, William Arthur George, Tech. Engr. 

Masefield, Peter Gordon, Managing Dir. 

Przemieniecki, J. S., Sect. Leader, Struct. Dept. 

Russell, Archibald E dward, Dir. & Chief Engr 

Woodhams, Ronald J. f Designer-in-Charge 
(Bournemouth Office) 

Yusuff, Syed, Research Specialist 


The Bristol Aeroplane Company 
of Canada Limited 


Bristol Aero Engines, Ltd. 


Moore, Francis W. M., Megr., 
Procurement 


*Reynolds, R. J., Pres. 


Provisioning & 


Bristol Aircraft (Western) Ltd. 
Brewer, Norman David, Processes Engr. 
Sears, ie F., Proj. Engr. —Mfg. 

Bristol Engineering Corporation 
Heaton, Clyde Emerson, Proj. Devel. Engr. 
Paine, Arthur P., Ch. Engr., Aero. Div. 


Warshaw, Victor, Equip. Gr. Proj. Engr., Aero. 
iv. 


Bristol University (England) 


Stewartson, Keith, Reader in Applied Math. 


British European Airways 


Corporation 
Brie, Reginald Official-in-Charge, 
Helicopter Exp. 
McAvoy, James, Pica Aircraft Maint. 
Shenstone, B. S., . Engr. ; 
Webb, Gregory Frank, Devel. Engr., Proj. & 
Devel. Br. 


British Overseas Airways 


Corporation 
Ayres, William George, Licensed Supvr. Engr., 
Engines & Airframes 
Barber, Edwin George, Asst. Design Supt. 
Campbell Orde, Alan Colin, Operations Devel. 


ir. 
Hampshire, F. G., Sr. Design Draftsman 


Brown Aero Corporation 
Brown, John S., Pres. 


Brown, Boveri & Company 
Dzung, L. S., Engr. 


Brown Brothers Foundry, Inc. 


MacCart, Raymond D., Pres. 


Dayton T. Brown, Inc. 
Miller, Roy G., Tech. Cons. 


Brown and Root, Inc. 
Pratt, John W., Jr., Design Engr. 


Brown University 


Anderson, Gordon F., Research Assoc. 
Drucker, Daniel C., Chairman, Div. of Engrg. 
Maeder, Paul F., Prof. of Engrg. 
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Prager, William, Prof.—Chairman, Physical Sci- 


ences Council 
Probstein, Ronald F., Assoc. Prof. of Engrg 
Thompson, William E., Research Assoc. 


Brown-Line Corporation 


Brown, Gordon D., Pres. 


Brunson Instrument Company 


Anderson, Morris C., Field Engr. 


Brush Electrical (Australia) Pty., Ltd. 


Chalwin, Vivian James, Cons 


Bucyrus Erie Company 


Knudsen, Hans G., Engr., Research Div. 


The Budd Company 


Ebenbach, Robert, Design Engr.—Struct. & 
Trucks, Railway Equip. Div. 

Kessler, Edwin L., Ch., Physics Sect. 

Pagon, Garrett D., Asst. to Dir., Mfg. Methods 
Research Div. 

V ag an, Wes, Proj. Engr., Aircraft Research 


Di 
Watter, Michael, Dir. of Research 


Bulova Research and Development 
Laboratories, Inc. 
Fenton, Stuart S., Principal Engr. 
Giglio Tos, Richard F., Proj. Engr. 
Steele, Theodore K., Staff Engr. 
Zajic, Jerome Charles, Asst. Proj. Engr. 


Bunhill Publications Limited 


Marsh, Lt. Col. William Lockwood, Editor— 
Aircraft Engineering 


William A. M. Burden & Co. 


Burden, William A. M., Partner 


Burgess-Sterbentz Corporation 


Burgess, Warren C., Jr., Pres. 


Burroughs Corporation 


William J., 
Defense Sales 
Williamson, Merritt A., Mer. 
Burroughs Research Center 


cee. Acting Dayton District 


Research Div., 


Burton Manufacturing Company 


Carp, James, Ch. Engr. 


E. A. Butler & Associates 


Zachow, Arnold A., V-P 


Cadillac Marine & Boat Company 


Wold, Robert Palmer, Mgr. 


California Duplicating Company 


Lukens, Dave E., Pres. 


California Eastern Airways, Inc. 


Solomon, S. J., Chairman of the Bd. & Pres. 


California Eastern Aviation, Inc. 


Carnicero, Jorge 
N 


, Chairman of the Board 
Townsend, E. N., V-P 


California Institute of Technology 


Anthony, Robert R., Proj. Engr., Data Analysis 
Dept., CWT 

Barnett, Roger M., Operations Engr.—16-in. 
Hypersonic Wind "Tunnel, JPL 


ICAL 


ENGINEERING REVIEW 
r., Test Proj., Wind Tunnel 


Harold, Supt., Guggenheim 


Aero. Lat 
Bruman, J. R j. Engr., JPL 
Burggraf, Odus R., Jr., Student 
Burke, James D., Engrg. Gr. Supvr., IPI 
Carr, John H., Sr. Research Engr., JPI 
Chase, Robert H., Grad. Student 
Cole, Charles W h., Engrg. Design & Devel 
Sect : 
Cole, D Asst. Prof. of Aeronautics & 
Applied Mechanics 
Coles, Donald, Research Fellow 
Covey, R Research Engr. & Ch., 
inch Suy Wind Tunnel, JPL 
Dauwal ( wick S., Grad. Studer 
Dayman, B Staff Research Engr., Su 
nnel, JPL 
A., Grad. Student, Guggenheim 
reiiow 
Grad student & Grad. Asst. 
Exec. Asst., WT 
Test Proj. Gr. Leader 
Ch., Guided Missile 
ig, uar \ssoc. Prof 
Goddard, Fr nk | Jr., Ch., Supersonic Aero 
dynamics Div., TP 
Goodwin, Jos Engrg. Designer, JPL 
Gourdine, Mer th C., Guggenheim Fellow 
Graham, H t Ray, Devel. Engr., ¢ I 
Harrj Dav Research En IPI 
Heimer, Har Student 
Holway, H Set Up Engr., Wind Tunnel 
Operations PL 
Howard, W R., Operations Engr., JPL 
Huebner, D Aerodynamic Devel. Engr., 
CWT 
Keller, Pa rick, Ch., Operations Dept 
CWT 
Klein, Arthu Prof. 
Lagerstrom, P A., Prof. of Aeronautics, 


Guggenheim Aero. Lab 
Laufer, John, Sr. Research Engr., JPL 
Lees, Lester \eronautics 
Liepmann, Hans W., Prof. of Aeronautics 
Lurie, Har Prof. of Applied Me 

chanics 
Mack, Leslie M., Research Engr., JPL 
Marble, Frank E., Assoc. Prof. 
Marte, Jack E Research Engr., JPL 
Martin, Robert I Proj. Engr., JPL 


McCreary, R » Design Spe st 
Engrg. D Devel. Sect., JI 

McGinness, H. D., Sr. Design Engr. 

McKenney, J ) Sect. Ch.—Mech. Ground 
Equip. E: I 

Millikan, Clar B., Dir., Guggenheim Aero 


Lab.; Dir., CWT 
me Calvin, Design Devel 


Nagamatsu, Henry T., Sr. Research Fellow & 
Dir.. Hypersor Wind Tunnel 

Ogle, John Seld Ir. Test Proj. Engr., CWT 

Parkin, Blaine | Research Fellow in Engrg 

Pifer, Melvit st Proj. Engr. 

Pivirott I ] Assoc. Research Engr., 

Pounder, E Asst i Aerodynamics Dept., 
CWT; Dir., CALCIT 10-Ft. Wind 
Tunnel 

Pritchard, Ernest Ch., Data Analysis, CWT 

Rogers, Don | Research Engr., Fuel-Air 
Combustion § JPL 

Roshko, Anat sst. Prof. 

Rygh, Pat: st Proj. Engr., JPL 

eee Peter W Research Engr., JPL 


Schurmeier. Harris M., Ch., Wind 
Sect., JP 1 
Sechler, E. E f Aeronautics 
Sibulkin, Mer Research Engr., JPL 
Small, John, Pr Engr., JPL 


Tunnel 


Smith, E., Assoc. Dir., CWT 
Steinba R H., Operation Eng: 2 
Inch Supers Wind Tunnel, JPI 


Stewart, Hor seph, Prof. of Aeronautics 
& Ch., Res h Analysis Sect., JPL 

Strong, Herbert D., Jr., Head, Wind Tunnel 
Design Gr., Supersonic Wind Tunnel Sect., 
JPL 


V rebalovict I s, Research Engr.—Aeri 
dynamic Res Sec., JPL 

Walker, Bruce R., Wind Tunnel Supvr 

Walker, Fr Ir., Test Engr., Supersonic 
Wind Tunr IPI 

Wegener, Pet I Ch., Aerodynamic Research 
Sect., JPI 

Williams, | \., Grad. Student 

Williams, Max Jr., Assoc. Prof. 

Willmarth, W am W., Research Fellow, Gug 
genheim Ae I 

Yang, Hsun-T Research Fellow 

Zebb, Keirn, Ch., Aerodynamic Research Dept., 
CWT 

Zukoski, Edw I Sr. Research Engr., JPL 


California Panel & Veneer Company 


*Ostlind, Ber Staff Engr. 
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California Research Corporation 


Bert, Jack A., Engr 

Cooley, John 

Mac Gregor, Research Coordinator 

— aughlin, Edward J., Supvr.—Engine Fuels 
div 


California State Polytechnic College 


Gustafson, Lester W., Head—Aer 
Werback, 
Engrg 


Engr Dept. 
William J., Instr, Dept f 


California Visual Aid Company 


asinos, Nick G., Engr. & Owne 


Caliputer 


Thomas P., Gen. Mer 


Calor, Ltd. 


Brzozowski, Witold B., Pres. 


Cambrian Air Services 


Keith-Davies, Edward, Dir. 


Cameron Iron Works 


Liaison Engr., ‘‘Camair” 


Luttman, H. C., Secy 


Canadian Aviation Electronics, Ltd. 


Bijoor, Ramesh Gopal, Eng: 


Canadian Car & Foundry Company 
Limited 


Bedford, Garth B., Technician—Grade III 


Canadian Pacific Air Lines Limited 


s, John A., Ch. Engr. 
, lan Alexander, Dir.—Maint 
inchliffe, Roy Alexander, Sr. Engr 
Nicas, John Andrew, Engrg. Sans vr.—Repairs 
Sheh, Kun-Fan (Kenneth), Sr. Service Engr 


& Engrg. 


Canterbury University College 


Stevenson, 


Dennis Clifford, Sr. Lectur 


Carew Steel Company 


Fix, Dale E., Engrg. Draftsman 


Caribbean-Atlantic Airlines, Inc. 


Hernandez, Alberto, Ch. of Engrg. & Inspection 


Carnegie Institute of Technology 


Blaisdell, A. H., Prof. of Mech. Rasrs 
Thorp, George B., Lecturer in Mechanics 


Carrier Corporation 


Misener, Stuart, Exec. Asst. to Chair: 

Ryan, Matthew G., Sr. Research Engr 

Tow: isend, Terry M., Devel. Engr 

Weller, Peter A., Sr. Proj. Engr., 
Dept. 


Research 


Carter Laboratories, Inc. 


Scudder, Nathan F., Dir. of Engrg 


Case Institute of Technology 


Bolz, Ray E., Prof. of Aero. Engrg. & Head 
Engrg. Science Curriculum 

3urlage, Henry, Jr., Assoc. Prof. & Dir., Pro- 
pulsion Lab. 
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IAS ROSTER OF MEMBERS, 


Instructor 


aymon, Karl A., 
av, Prof. of Aerodynamics 
Leaf, William_D., Grad. Asst., Mech. Engrg. 


Petry, Ruth M., Research Asst., Proj. Doan 


Brook 


CAT, Inc. 


Doole, George A., Jr., Vice-Chairman, Bd. of 


Dir. 


Catco, Inc. 


Wait, William, Jr., Ch. Engr. 


Caterpillar Tractor Company 


Lyche, Webster N., Dist. Rep. 


The Catholic University of America 


Boehler, Gabriel D., Asst. Prof. 


Ceco Steel Products Corporation, 
Inc. 


Bowton, James Russell, Sales Engr. 


Central Aircraft Corporation 
Burnelli, Vincent J., Pres. & Tech. Dir. 


Centro Tecnico de Aeronautica 
(Brazil) 


Young, Bradley H., Ch., Airways Div. 


Century Controls Corporation 
Quass, Franks E., Secy.-Treas. & Customer 
Relations Mgr. 


Century Engineers, Inc. 


Craft, Richard, Engr. 

Dewey, Franklin H., Design Engr. 
Eliot, Donner C., Struct. Engr. 
Hood, Delos W., Proj. Engr. 
Mussett, Earl W. Design Engr. 
Reid, Charles M., Engr. 
Schermerhorn, Ray E., Proj. Engr. 
Shea, John F., Engr. 

Siefkes, Siegfried 1 H., Engr. _ 
Spriggs, James C., Design Engr. 


Cerro de Pasco Corporation 
Russell, Frank F., Chairman of the Bd. 


Cessna Aircraft Company 


Abbott, Lawrence S., Struct. Engr. 

Ahrens, Donald i Proj. Engr. 

Branson, Carl F., Aerodynamics Engr. 

Commer, Dean R., Jr. Engr., Static Test 
Fisher, Jack W. Asst. Dir. of Research 

Gerteis, Jerry H., Ch. Engr.—Comml. Aircraft 
Grande, Donald Struct. Engr. 
Greene, Richard J., Admin. Engr., Military Air- 


cratt 
Hagan, Robert S., Engrg. Test Pilot, Military 
iv 


Hinton, Sanford H., Sr. Proj. Engr. 
Hull, Ralph L., Stress Engr. 
Kemper, Richard B., Engr.—Flight Test 
Kirkpatrick, James E., Jr., Flight Test Engr. 
Kutkuhn, James G., Aero. Engr. 

Lauer, Earl A., Lead Engr.—Equip. Gr. 

Lomo, Leif, Engr. 

Mall, O. D., Proj. Engr. 

McCormick, Glen S., Asst. Proj. Engr. 

Mills, Robert A., Engr. 

Painter, Errol D., Devel. Engr. 

Pearson, Donald L., Design Engr. 

Peterman, Bruce E., Propulsion Engr. 

Petroff, Alex N., Dir. of Research, Aircraft Div 
Rietfors, Keith E., Field Service Engr. 

Salter, Tom, V-P—Engrg. 
Seibel, Charles M., Ch. Engr., Helicopter Div. 
Simmonds, Arthur Wes Aerodynamicist : 
Smith, Robert Edward, Proj. Engr.—Helicopter 


iv. 

Stegink, Gerald A., Engrg. Sect. Head 
Stephens, Robert WW. T-37 Flight Test Supvr. 
Stinson, W. H., Proj. Engrg. Test Pilot 
Swope, William A., Design Engr., Prototype 

Sect. 
Van Meter, George ion, Engr. 
“Wallace. Dwane L.. Pre 
Waring, Henry F., Ch. ie: —Military Aircraft 


Wells, Obed T., Proj. Engr., Commercial Single 
Engine 

Westfall, V. D., Ch., 620 Flight Test 

Wilson, William P. D., Jr., Aerodynamicist, 
Military Div. 

Wittenbach, A. J., Jr., Design Engr. 


Chain Belt Company 
Shafer Bearing Division 


Hunter, Robert F., Proj. Engr. 

Minkin, Rose, Product Designer—Aircraft & 
Industrial Bearings 

Ripley, Robert C., Ch. Insp. 

Schram, Richard A., Works Stand. Mgr. 


Challenge Manufacturing Company 


Dougherty, Richard H., Devel. Engr. 


Chamberlain Engineering 
Corporation 


Baker, Emmet E., Jr., Mgr., Electronics Div. 
Coffman, A. C., Ch. Engr. 


Champion International Corporation 


Champion, Robert L., Pres. 


Champion Spark Plug Company 


Archer, Harry C., East Coast Aviation Rep. 


Chance Vought Aircraft, Inc. 


Dallas, Tex. 


Ackerman, Lyman E., Airframe Sr. Designer 

Andreoli, Douglas G., Asst. Proj. Engr. 

Armstrong, Edward A., Devel. Designer 

Arne, Vernon L., Propulsion Engr. 

Bailey, J. Reese, Lead Test Engr. 

Bailey, Robert S., Flight Test Engr. 

Barte, George R., Devel. Aerodynamics Design 
Engr., Aerodynamics Gr., Development Sect. 

Bartel, Cecil Ray, Designer 

Bauer, George M., Designer 

Benner, Claude Jacob, Proj. Engr. 

Berger, Russell E., Lead Design Engr. 

Beverage, Arthur W. Jr., Spares Supvr. 

Bidne, Chz AS. 2 Designer, Armament Gr. 

Birk, William M., Liaison Engr. 

Blackwell, Bishop B., Aerodynamics Design 


Engr. 
Blalock, Dana L., Flight Test Engr. 
Blaylock, Raymond Engrg. 
Bonnette, Charles, Lead Struct. pom Engr. 
Bosworth, W. L., Asst. to Proj. Eng 
Boucher, John H., Supvr., Controls < ‘Hydraulic 
Design 
Boyer, Luther J., Supvr. of ‘Flight Test Engrg. 
Brackett, Harry T., Staff Exp. Test Pilot 
Broker, Robert H., Gen. Foreman, Template 
Shop 
Brougham, 
Engr. 
Brown, Kenneth L., Lead Propulsion Analyst 
Bryant, Billy V., Design Engr. 
Burk, Charles Harold, Flight Test Liaison Ener. 
Burke, Joseph E., Lead Designer—Cockpit De- 
sign 
Burns, A. Bruce, Struct. Devel. Engr. 
Carter, C. V., Lead Aerodynamics Design Engr. 
Carver, George C., Lead Test Engr.—Power- 
plant Install. 
Chattler, L. M., 
Engr. 

Christy, Roland, Lead Designer 

Clark, John Russell, Asst. Ch. Engr. 

Clarkson, Mark H., Supvr., Theoretical Aero- 
dynamics Gr. 

Condrey, Richard. Lead Designer 


Harold E., Lead Struct. Design 


Hydraulic & Controls Staff 


Cooksey, James M., Sr. Aerodynamics Design 
Engr. 

Creel, Louis G., Jr., Stress Analyst, Struct. 
Design Gr. 

Custer, Raymond M., Aerodynamic Design 
Engr. 


Cvetko, Edwin F., Supt., Airport Operations 

Dahlof, James F., Stress Analyst “A” 

Darracott, Geo. F., Proj. Engr. 

Dean, Lewis C., Sr. Designer—Power Plants 

Domanovsky, Paul, Aerodynamics Field Engr. 
at NAMTC, Pt. Mugu 

Doncvan, Robert C., Ch. of Design 
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Eckert, Francis M., 
—Flight Test 

Englert, Harry, Jr. Asst. Proj. Engr. 

Englert, Benes Hi, Aircraft Designer ‘‘A”’ 

Erickson, Horrell Gus, Staff Engr. 

Fairchild, Jack E., Aerodynamics Engr. 

Flath, Earl H. Jr., Supvr., Antenna Design Gr. 

Force, William G., Lead Designer 

Ford, John Asst. Proj. Engr. 

Foy, Egan b? Asst. Proj. Engr. 

Gibbons, Henry B., Asst. Ch. Engr. (Tech.) 

Gipe, Jack R., Dynamic Test Engr., Fit. Test 
ect. 

Girault, Lawrence Joseph, Lead Designer 

Goehring, William F., Fuselage Lead Designer 

Grafton, Robert L., Field Engr. 

Graham, Harry M., Propulsion Proj. Engr. 

Gray, Irving E., xp. Liaison Engr. 

Green, Milton, Proj. Engr., Missile Design 
Sect. 

Guadagnoli, Michael J., Weight Control Engr. 

Halter, Edmund J., Flight Test Engr. 

Hardesty, Gilbert Systems Designer, Servo- 
mechanisms Design Gr. 

Harvey, Charles E., Jr., Noa Engr. Fluid- 
Power Plant Systems Lab 

Henry, Robert E., Aerodynamic Engr. 

Herbel, Robert ime Aerodynamicist 

Hesse, Walter J., Supvr., Theoretical Propul- 
sion Gr. 

Hill, Ray T., Asst. Proj. Engr. 

Hohensee, Arnold W., Lead Designer 

Holbrook, David A., Aerodynamics Design Engr. 

Hollis, Claiborne P.. Engr.—Power Plant In- 
stallation Design Gr. 

Hospers, John J., Asst. to the Gen. Mgr. 
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trolled removal of metal by 
chemistry—has broadened the 
horizons for airframe and 
missile designers. Complex 
contoured shapes, cones, 
spheres, sharp corners — 
designs difficult or impossible 
to handle by conventional 
machinery methods—are sim- 
ple assignments for USCM. 

By masking the part to be 
treated, then immersing it in 
an etching bath for a preci- 
sion-timed period, the desired 
pattern is attained. 

United States Chemical 
Milling Corporation, national 
leader in this new field, in less 
than two years has numbered 
among its customers virtually 
every major airframe manu- 
facturer in the United States. 

If you would like more 
information concerning the 
application of chemical mill- 
ing to your design and pro- 
duction problems, consult 
with the USCM engineering 
department. Or write today 


for our Technical Brochure. 
NEW USCM PLANT 
EXPANDS CHEMICAL MILLING CAPACITY 
Here is USCM's spacious new plant just completed at Manhat- 
tan Beach, California — a 36,000-square-foot building, fully 
equipped, plus a battery of chemical milling tanks,on a 7'2-acre 
‘ site affording ample room for expansion. This new $500,000 
plant now enables USCM to handle an increased volume of 
chemical milling work on a subcontract basis. 


UNITED STATES CHEMICAL MILLING CORPORATION 


1700 Rosecrans Avenue, Manhattan Beach 1, California 
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Seaborn, Earle B., Design Engr.—Aircraft 

Shevell, Richard S., Supvr., Aerodynamics, 
Performance 

Shogran, Ivar L., Ch. Proj. Engr.—DC-8 Series 

Shutte, Robert H., Aerodynamicist 

Smith, Sheldon P., Asst. Ch. Missile Proj. Engr. 

Solverson, Robert Richard, Research Engr. 

Sorenson, Emil L., Asst. Automatic Control 
Systems Engr. 

Spak, Michael, Stress Analyst 

Speaker, Ward V., Aerodynamicist, Wind Tun- 
nel Gr. 

Sporleder, Ernest B., Engr. 

Stanton, Joseph "Eng 

Stearns, R. 

Steele, John F, Engr. 

Stocking, L. E., Proj. Engr.—Missiles 

Strang, Charles R., Ch. Proj. Engr. 

Sumida. Paul T.. Assoc. Engr 

Suran, Richard E., Assoc. Engr., 
dynamics 

Suttkus, Hazen O., Designer 

Swanson, Alfred, Asst. Ch., Struct. Design Sect. 

Sweida, L. J., Engr. 

Tharratt, George, Prelim. Design Engr. ‘“‘A”’ 

Thomas, Gerald B., Design Specialist 

Thomas, John W., Aerodynamics Engr. 

Thompson, P.. H.. ” Power Plant Engr. 

oa S. F., Flight Test Engr. 
Van Esselstyn, "Richard H., IT, Operations Con- 
trol Asst. Megr., Testing Div. 

Vaughan, John H., Flight Test Engr. 

Vogenitz, Franklin W., Assoc. Engr. 

Ward, Edward Allen, Assoc. Engr. 

Wheaton, Elmer P., Ch. Proj. Engr.—Missiles 

Whetstone, Jabez C., Sr. Flight Test Engr. 

Wilhite, F. M., Assoc. Engr. 

Williamson, Ian M., Vibration Engr. 

Winsor, Kenneth J., Designer 

Wood, Drury Waller, Jr., Engrg. Test Pilot 

Wood, Materials & Process Engr. 

Worley, G. ae Ch., Advanced Design Sect. 

Wright, Fred A, Design Gr. Engr., Landing 
Gear & Hydraulics 

Wright, Robert A., Designer, Struct. 

Young, Raymond A., Prelim. Design Engr. 


Missiles Aero- 


Torrance, Calif. 
Faitel, Joseph R., Liaison Engr. 


Tulsa, Okla. 


Anderson, James Owen, Assoc. Engr. 
Barton, Charles K., Assoc. Engr. 
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Beemer, Harold R., Asst. Ch., 
Landing Gear Sect., Engrg. Dept. 

Brown, Russell W., Ch., Struct. Sect. 

Clark, Cleophas Mitchell, Assoc. Engr. 

Craven, Charles E., Engrg. Test Pilot 

Downs, William R., Service Mer. 

Ferguson, Charles William, Struct Engr. 

Fuller, George M., Aerodynamics Engr., Aero- 
dynamics Design Gr. Leader 

Funk, Donald D., Assoc. Engr. 

Garrison, Everett W., Assoc. Engr. 

Gilmore, Richard M., Assoc. Engr., Aerody- 
namics Sect. 

Irwin, Horace G., Asst. Struct. Sect. Ch. 

James, Jack W., Aerodynamicist 

Jenny, Robert B.. Aerodynamics Engr. 

Jones, Cecil R., Designer 

Kleckner, Harold F., Ch. of Aerodynamics Sect. 

Kole, George | Proj. Coordinator 

Knipp, George, Asst. Ch., Strength Sect. 

Longmire, Darrel C., Designer 

Marks, Clark L., Test Engr. 

McCaskill, Allan M., Stability & Control Engr. 

Peake, Franklin E.. "Asst. Gr. Leader (Struct.) 

Reagan, Roscoe R., Aerodynamicist 

Rutowski, Edward S., Asst. Ch. Aerodynamicist 

Shepherd, Roland P., Research Engr. 

Shultz, Bennie, Assoc. Engr., Strength Gr. 

Sorem, James R., Assoc. Engr. 

Stanley, Kenneth M., Designer 


Hydraulic & 


Strang, Charles R., "Asst. Ch. Engr., Ch. De- 
_ signer 
Swift, John J., Aerodynamicist 


Webb, son S., Aerodynamicist 
Weir, Samuel G., Aerodynamicist 


The Dow Chemical Company 


Clapper, Robert B., R&D Engr. 

Ellis, John T., Devel. Engr., Tech. Serv. & 
Devel., Magnesium Dept. 

Mathes, "John C., Western Sales Megr., 
sium Dept. 

*Mortenson, C. N., Magnesium Tech. Serv. 
Schuette, Evan H., Ch., Design Sect., Metal- 
lurgical Labs. 
Timoshek, Stanley, 


Magne- 


Magnesium Sales 


Dowty Equipment Limited 
Dowty, George Herbert, Chairman & Managing 


ir. 
Hamer, lan M., Dir., V-P & Gen. Mer. 


Dowty Equipment of Canada, Ltd. 
Colm, Guido, Applications Engr. 
Hamer, Ian Malcolm, Tech. Dir. 


Saunders, Edward W., Serv. Rep. 
Stratford, H. Ralph, Devel. Engr. 


Draper Corporation 


Burnham, Charles E., Asst. Ch. Engr. 


Dravo Corporation 


Adair, George L., Buyer 


Drayer-Hanson, Inc. 
Kozlowski, A. Eugene, Br. Sales Mgr. 


Drexel Institute of Technology 
Chou, Pei Chi, Asst. Prof., Aero. Engrg. 


Driver Harris 
Russell L. 


Johnson, 


Dualex Corporation 


Pratt, Haraden, V-P 


Allen B. DuMont Laboratories, Inc. 


Hrabe, Delmer W., Assoc. Engr., 
Missile Dept. 


West Coast 


Dunbar-Kapple 
Glossa, Milton, Proj. Aircraft Com- 


Engr., 
ponents Div. 


Dunlop Rubber Company, Ltd. 


Bostock, Sidney Herbert, 


Tech. Author, Avia- 
tion Div. 
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Dunlop Tire & Rubber Corporation 


Williams, Raymond H., Megr., Aviation Div. 


E. |. du Pont de Nemours & 
Company, Inc. 


Russell B., Asst. Mgr., Tech. Services, 
lychemicals Dept. 
Rogers, J. D., Jr., Engr., Petroleum Chemicals 

div 


, Harry W., Jr., Research Chemist, Elas- 
1er Lab 
Duke University 


Stottlemyer, Paul Clinton, Asst. Prof. 


Duratech Manufacturing 
Corporation 


Kleinman, Paul, Pres 


Duwes Engineering Company 


Ostgaard, John T., Aero. Engr. 


Dyck Motors Ltd. 


Farrell, Cecil A., Salesman 


Dzus Fastener Company, Inc. 


*Dzus, William, Pres. 
E & R Development Company 


Platz, Donald E., Test Engr. 


The Eadar Company 


Luther, Kenneth R., Pres. 


East Coast Aeronautics, Inc. 
Allmeroth, Henry G., Sr. Design Engr. 
Assicurato, Thomas, Ch. of Struct. 
Dunford, E. Frank, Sr. Proj. Engr. 
Garges, J. P. Donald, V-P 
Kass, George, Sr. Proj. Engr. 

Kenger, Arthur, Sr. Proj. Engr. 

Kernicky, William J., Proj. Engr. 

Peterson, Hillis S., Ch. Engr. 

Portanova, Michael A., Contracts Admin 
Eastern Air Lines, Inc. 

Frazer, Robert E., II, Draftsman, Maint. Engrg 

Dept. 
*Froesch, Charles, V-P—Engrg. 
McGuire, R. C., Asst. to V-P—Engrg. 


Raymond, William T., Asst. V-P 
Stark, Robert R., Ch. Maint. Engr. 


Colonial Division 


Gitt, Michael A., Captain 


Eastern Rotorcraft Corporation 
Campbell, Harris S., V-P—Design & Devel. 
Huber, J. Richard, V-P 
Perry, Julian P., Pres. & Gen. Mgr. 


Eastern Teleproduction Studios, Inc. 


Cannavaro, Ray, V-P 


Eastman Kodak Company 


Flint, Edward F., Sales Engr. 
Holt, H. Robb, Design Engr., Navy Ordnance 


iv. 
Reddig, James C., R&D Engr. 


Eaton Manufacturing Company 
*Peck, H. B., Advertising Mgr. 


Economy Forms Corporation 


a Charles E., Struct. Detail Draftsman 
“BR” 


Engrg. Dept. 


ENGINEER 


Thomas A. Edison, Inc. 


Bindewald, G J., Aero. Sales & Serv. Megr., 
Ins 
Edo Corporation 
Bladen, D I Proj. Engr. 
Kaplan, I Struct. Engr. 
Klurfeld, Samuel, Ch. of Struct 
*Osborn, Ea Chairman of the Bd 
Pepper, Per: : Proj. Engr. 
Georg dir 
Ritter, Art Proj. Engr 
Ryan, W R., V-P 
Whitney, \ K., Assoc. Design Er 


W. G. Ehmcke Sheet Metal Works 
Ehmcke, & Gens Mex 


Eitel-McCullough, Inc. 


Mansur, | Mer. of Marketing 


EL AL Israel Airlines, Ltd. 


Breier, | 
Elastic Stop Nut Corporation of 
America 


Heywood, ‘ s, Ch. Service Engr 
*Lally, D. I Sales Mgr. 


The Electric Auto-Lite Company 


Jarrett, Thomas W., Mech. Engr. 


Electric Service Manufacturing 


Company 


Mageoch, | Ch. Engr.—Member, Bd. of 


Electrofilm, Inc. 


Crump, R Ch, Engr. 
Electrol, Inc. 
*Ashton, B. N., Pres. 
Julff, R \., Ch., Landing Gear Design 


Electro-Mechanical Research, Inc. 


Ott, Owen, Research Engr. 


Electronics Corporation of America 


Corner, Art N., Asst. to Pres. 

Metcalf, Arthur G. B., Pres. 

Sargent, s, Dir., Flight Environment 
Div 


Elo Development Company 


Hartmanr Designer 


Embry-Riddle Company 


McKay, Robert, Bd. of Dir. 


Emerson Electric Manufacturing 
Company 
Adv. Layout Draftsman 


M., Adv. Layout Draftsman 
, Stress Engr. 


Emerson Research Laboratories 


Howard, D M., Sr. Mech. Engr. 


Engineering Associates 


Costello, John L., Mech. Engr. 
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Engineering Developments, Inc. 


Millar, J. H., Pres. 


Engineering Research & Development 
Company 


Bogen, J. S., Pres. 


Engineering Supervision Company 


*Zeitlin, Alexander, Pres 


English Electric Company, Limited 


Edward Mark, Asst. Cl Research 


Exec 
C. K., Gr. Aviation Rey 


Douglas Oscar, Aviatior 
Shipp, John 
Equipements d'Avions 


Robert, Guy, Pres. 


Escola Superior de Guerra 


Balloussier, Oswaldo, Instructor 


Essex Products, Inc. 


Smith, B. Hunt Bancroft, Pres. & Chairman of 


Esso Export Corporation 
Baxley, C. H., Mgr., Tech. Dept 
Dudley, Shepard, Aviation Dept 
Freyermuth, George H., Exec. V-P 
Ogston, Alexander R., Hd., Tech. Serv. Div. 
White, W. W., V-P & Dir. 

Esso Shipping Company 


Ellis, Robert E., Asst. Mgr., Aviation Dept. 


Esso Standard Oil Company 


Bedell, Donald W., Special Rep.—Aviation In 
Gustry 


*Oertel, Robb C., Mgr., Marketing—Aviation 


Ethyl Corporation 
Hubner, William H., Product Devel 
*Macauley, J. B., Dir. of Research 
European Research and Supply Corp. 


Boname, Robert Victor, Pres. 


Guy H. Evans, Inc. 


Evans, Guy H., Pres. 


Ex-Cel Development Laboratory 


\renson, Donald L., Dir. 


Experiment, Inc. 


Erdman, Frank H., V-P 

Lankford, John L., Sr. Engr., 
dynamics Research 

McMahill, Victor W., Jr., Contracts Mgr 

Mullen, James W., II, Pres 

Rathbun, Kenneth C., Research Assoc., Pro- 
pulsion Dept. 


Applied Aero- 


Fabe Construction Company 
Spielberg, Irvin N., Constr. Engr. & Supvr 
Fada Radio & Electric Company 


Incorporated 


Mock, W. C., Jr., Ch. Engr., Works Mgr. 


The Fafnir Bearing Company 


Holbrook, Darwin L., Pacific Coast Mgr 
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AERONAUTICAL ENGINEERING REVIEW 


The Jet Propulsion Labora- 
tory is a stable research and 
det elopment center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1450 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers. Inquiries now 
invited, 


JOB OPPORTUNITIES 


N THESE FIELDS NOW 
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IMPORTANT DEVELOPMENTS AT JPL 


Pioneering in Solid 


The successful flight of the Thunderbird, 
a short-range test rocket, accomplished a 
real pioneering achievement at the Jet Pro- 
pulsion Laboratory in 1947. It was a note- 
worthy demonstration of a new technique 
which has since revolutionized the field of 
solid-propellant rockets. 


In the Thunderbird a mixture of oxidizer 
and synthetic rubber fuel was poured 
around a star-shaped core set in a cylin- 
drical casing forming as it solidified a 
permanent bond with the metal shell. The 
removal of the core leaving a hollow center 
made possible the even burning of the 
propellant from the center outward. The 


Propellant Rockets 


insulating effect of the unburned propellant 
permitted the use of an unusually thin 
casing due to heat reduction. 


This technique led the Laboratory into a 
number of new developments in missile 
design which have since been applied to 
powerplants in many current and forth- 
coming missiles. 


Such activities in research and develop- 
ment are in constant progress at JPL, 
providing stimulating opportunities to 
individuals desiring to devote themselves 
to the areas of basic and applied research 
and to actual development engineering. 


AERONAUTICS MECHANICAL + STRUCTURES 


APPLIED MECHANICS 


DYNAMICS PROPULSION 
INERTIAL ELEMENTS 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


PASADENA « CALIFORNIA 


& il 
wt 
i Aero 
ts Mer 
Assoc., Pro 
npany 
ompany 
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Fairbanks, Morse & Co. 


Hure. ‘ass Frank, Ch. Devel. Engr., Magnet 
Diy 


Sherman Fairchild & Associates, Inc. 


Fairbanks, Karl J., Exec. V-P & Gen. Mgr 
Fairchild, Sherman M., Pres. & Cha.rman of 
the Bd 


Fairchild Camera and Instrument 
Corporation 


*Case, John M., Exec. V-P 

Fairchild, Sherman M., Chairman of the Bd 
French, C. Towner, Dir. of Military Sales 
Jarrold, Jerome T., Sales Engr 


Fairchild Controls Corporation 


Jarrold, Jerome T., Sales Engrg. Mgr 


Fairchild Engine & Airplane 
Corporation 


*Boutelle, Richard S., Pres. 
Fairchild, Sherman M., Dir. 
Towers, John H., Dir. 


Fairchild Aircraft Division 


Arata, Winfield H., Jr., Ch. Operations Eng 
Attinello, John S., ‘Asst. Ch. of Research 

Beck, Theodore H., Mgr.—Energ. 

Biddle, Albert G. W., Jr., Operations Engr 

Billings, lieury C., Engrg. Supvr. 

Bradham, Robert W., Ch. Propulsion Engr. 

Cawl, Melvin Allen, Engr., Prelim. Design. 
Flight Controls & Eng. Controls 

Chumley, Charles L., Jr., Liaison Engr. Analyst 

Clopper, J. Allen. Supvr., Flight Test Engrg. 

Curry, Herman H., Design Engr. 

Darby, Robert A., Ch., R&D Engr. 

Eisiminger, Robert E., Jr., Aero. Engr., Aero- 
dynamics Dept. 

Fahnestock, Louis, III, Dir. of Projs. Admin 

Fink, George E., Customer Serv. Kep 

Foster, Murray, Jr., Service Technician 

Gelvin, E. R.. Asst. Megr.—Flight Test 

Helmbold, Heinrich B., Research Scientist 

Hemphill, George W., Aero. Design Engr. 

Hoffacker, Theodore. Ir. Design Engr. 

Hurkamp, Charles H., Ch. Proj. Engr. 

Kuklewic’. Edward F., Aerodynamics Engr 

ze, Travis B., Aircraft Technician 

Lessard, Koy W., Ch. Prod. Engr 

Lipson, Stanley R., Aerodynamicist in charge 
of Wind-Tunnel 

Long, Wil — Richard, Liaison Engr. 

Lutton, L. §S., Statf Asst.—Gen. Manager's 
Office 

Lytton, Lyle, Plastics Co-ordinator 

Marlow, Wavland C., Prelim. Design Engr 

Miller, Donald D.. Aero. Design Engr., Prelim. 


Moody, Plez P., Operations Engr. (Geographer) 
Morton, Earl E., Ch.—Aerodynamics 

Nagle, Omar R., Jr., Prelim. Design 

Neilson, James A jr., Supvr. of Struct 

Page, Armand J., L anding Gear Design, Liaison 


Pfeiffer. R. James, Exec. Dir. of Customer 

Pickens, Andrew, Flight Test Engr. “A” 

Polovkas, Vincent G., Proj. Engr. 

Rahrig, Thomas F., Stress Tech., Prelim. De 
sign 

Rosengren. S. Norman, Design Engr. 

Sellers, William H., Flutter & Vibration Tech 
nologist 

Sexton, George S., Operations Engr. 

Sheridan, Laurence W., Prelim. Design Engr 

Shostak, Adam, Stress Technologist 

Sisson, Thomas Upton, Military Advisor 

Smith, Randall C., Ch.—Struct. Design 

Snodgrass, Robert R., Technologist, Aerody 
namicist 

Stefano. Nicholas M., Ch.—Rotary Wing 

Stewart. W. Fred, Ch. Engr. 

Swanger, John W., Stress Technologist 

Tiffany, Rz — qT, Gr. Design Engr. (Master 
Lines Lofting 

Tydon, Walter, Ch. Engr 

Venesky, Bernard M., Liaison Engr.—-Hydrau 


Webb, Edward I., Design Engr. (Plastics) 
Weller, Dan W., Ch.—Flight Test Engrg 

Westphal. George W. Prelim. Design Engr 
White, George, Proj Engr. 

Ziegenfuss, Richard. Ch. Liaison Engr 


Fairchild Electrotechnics Division 


*Roberts, Howard E., Gen. Mer. 
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Fairchild Engine Division 


Guided Missiles Division 


Fairchild Kinetics Division 


Stratos Division 


gr ustomer Rel: ations 


Resear ch ner 


The Fairey Aviation Company of 
Canada, Limited 


The nee Aviation Co. Ltd. 
Chairman & Managing 


Fansteel Metallurgical Corporation 


Farnsworth Electronics Company 


Federal Telecommunication 


Ferrotherm Company 


Field Aviation Company, Ltd. 


& Limited 
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Fiji Airways 


Gatty, Harold, Proprietor 


Firestone Tire & Rubber Company 


Carroll, Thomas J., Field Ser 
Chandler, Harrison C., Jr., 
Davies, William O., Physicist 


Firestone Tire & Rubber Company of 


California 
*Chunn, Reed, Megr., Aircraft | Sales Dept 
Gunkel, Vernon K., Head Str & Dynamics 
Gr., Guided Missile Div 
Howard, John R., Supvr. of Field Serv., Cor 
poral Div. 


First of Michigan Corporation 


Rossmann, Peter F., Indus. Cons 


Fischer & Porter Company, Inc 


Bindrim, William Frederick, Jr., Mg Records 


FitzPatrick 


FitzPatrick, James L. G., Propriet 


Fredric Flader, Inc. 


Flader, Fredric, Pres. 
wy John Keightley, Principal Research 


En 
Mc over, Ww. H., Mer. Toledo L ab 
Casi Research Engr. 
Sarginson, Fred T., Ch. Engr 


Fleet Manufacturing, Ltd. 


Louis, Harry, Ch. Engr. 


Fletcher Aviation Corporation 


Barnett, Charles A., V-P—Engrg. & Sales 
*Fletcher, Maurice C., Secy. 

Gordon, Carroll G., Design Engr 

Hill, Randolph W., Struct. Engr 

McLane, Philip W., Ch. Engr. 

Quiaoit, Jesus S., Aerodynamic Engr 


Flettner Aircraft Corporation 


Liberatore, Eugene K., Asst. Dir. of Engrg 


Flexonics Corporation 


Gage, William C., Sales Mgr., Aircraft Div 


Flight Engineers’ International 
Association 


Kent, William D., Pres. 


Flight Enterprises, Inc. 


Elbaum. Max Charles, Ch. Engr 
E. W., Pres. 


NIngo, 


Flight Refueling, 


Billerbeck, W. J., Aerodynamicist 

Lazar, James, Devel. Engr 

Lott, G. Richard, Dayton Rep. 

*May, Herbert A., Jr., Dir., Military Relations 

Naegeli, Chas. A., Jr., Proj. Engr., Advance 
Design 

Nesbitt, Stanley, Asst. Proj. Engr 

Schwartz, Frederick W., Jr., Ch. Struct. De 
sign Engr. 

Sidebottom, J. H.. V-P 

Whitesides, W. F., Engrg. 

Wilder, James J., Proj. Engr. 

Woods-Humphery, G. E., Dir 


Cha V-P_& Gen. Mi 
R 
Gotts W ir. I 
Han I ir., nat. Eng Achit 
Kelley \ ytical Eng es | t 
Lester \sst. Ge Mg FI 
Ri J rg. Staff Asst ic 
Sulliv Vest Coast Re Los An- ; 
Fairch 
Bockt 1., Contract Admin Chase 
Classe Sr.. I Engr Ma 
Lemor f Molded Products Div Heath 
Olshe E., Head, Inertial Systems Lede1 
Res wis 
D Cor 
Sp V-P & Gen. Mar 
Witt , Engrg. Design Div | 
Stude 
Gen. Mer. & Ch. 
Ist \ dynamicist 
Fahl 
De La M., Hold 
Faas, ( r., M Holdt 
Henkel Pr nes 
Hunter Sr Nick 
Newhx r., V 
Rapp, R Research Engr PE 
Smit T Supvr Contract Admin 
r 
Macl 
Bartl 
Russe J Ottawa Rep 
Fe 
Fair D 
= 
Furth, R Frederick R., USN (Ret Ande 
V-P, Ré& Eade 
Hull, H Pe 
Row 
Simn sign Ch 
Laboratories 
Ai 
*Feles Public Relations Mg eee Cont 
Richart Mgr., Tech. Services _ tif 
Coop 
c Cran 
Dom 
Mack Sales Engr. for Canada Di 
Hods 
Insle 
- Long, R Mer. & Ch. Engr., Aircraft Kald 
Div Gr 
Luez 
Fiat S. P. A. er 
McG 
Ai 
Plat 
lics Rag 
Gerig, R Engr Stal 
Hawksha 1. Engr. Tak. 
Mitche J rt Production Engr <b 
D 
Bayliss, > Irie J., Tech 
ee Publicity } Atlas Works Sily 


Research 


C. 


Relations 
Advanced 


Struct. De- 
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Flight Research, Inc. 


Curdts, William T., III, V-P & Gen. Mgr. 


Flight Safety, Inc. (New York) 


Achitoff, Louis, Asst. to the Pres. 


Flight Safety, Inc. (Pennsylvania) 


Beck, Carl A., Pres. 


Flight Safety Foundation, Inc. 


Ahnstrom, Doris N., Air Transport Sect. 

Chase, Joseph M., Mgr., Div. of Aircraft 
Maint & Equip. 

Heath, Gloria W., Exec. 

Lederer, Jerome, Dir 

Lewis, William L., Western Mg 

Ward, J. Carlton, Jr., Chaioman-d. and Exec 
Committee 


Asst. to Dir. 


Flug- & Fahrzeugwerke A. G., 


Switzerland 


Studer, Hans-Luzius, Ch. Engr. & Tech. Mgr. 


FluiDyne Engineering Corporation 


‘rederick C., Devel. Engr. 
Holdahl, R« bert pe -P—Ch. Er 

James Ch. Rese: Engr. 
Jones, Arthur L., Proj. Engr. 

Nichols, Douglas C., Proj. Engr. 


The Fluor Corporation 


MacInnes, W. F., Research Engr. 


The Flying Tiger Line, Inc. 


Bartling, Wm. E., V-P 


Fogging & Dusting Service, Inc. 


Cochran, Alexander M., Pres. 


Foilcraft Printing Corporation 


Hwang, Y. Y., Pres. 


Food Machinery & Chemical 
Corporation 


Anderson, Gerald R., Design Engr. 

Eade, Frederick P., Engrg. Specifications Writer, 
Peerless Pump Div. 

Rose, William B., Megr., 


R&D Dept., 
Chlor-Alkali Div. 


Westvaco 


Ford Motor Company 


Anderson, Glenn A., 
a aft Engine Div. 

Connor, Thomas C., Sr. Research Engr., Scien 
tific L ab., Gas Turbine Dept. 

Cooper, Wilson Dale, Field Mgr., Lincoln-Mer 
_cury Div 

Crane, Richard J., Serv. Supvr. & Govt. Liaison, 
Aircraft Turbine Plant, Lincoln-Mercury Div. 

es, Carl Templar, Mer., Serv. Dept., Ford 


Product Design Engr., 


Voigt R., 
Insley, Robert, Ch. 
Engine Div 

Jarog, Walter J., Proj. Engr., Aircraft Engine 


Struct. Test Engr. 


Product Engr., Aircraft 


Kal Phoebus R., Proj. Engr. 
_Gr, Adv: anced Special Products 

Kostan, Charles C., Product Design Engr. 

Luczynski, Mitchell, Product Test Engr., Air 
craft Engine Div. 

McGregor, Howard N., Supvr. 
tions Unit, Engrg. Research 

Osmanski, Joe T., Production Process Engr., 
Aircraft Engine Div. 

Platt, Fletcher N., Mgr., Traffic Safety & High- 
way Improvement Dept. 

Ragsdale, William Hudson, Research Engr. 

Stahlhuth, Paul H., Research Engr., Heat Ex- 
changer Design & Devel. 

Zakaras, Anthony E., Plant Layout Engr., 
a Plant Engrg. Dept. Aircraft Engine 


, Components 


Sound & Vibra- 


Ford Motor Company Export, Inc. 


Silva Rego, Rogerio N. Da, Purchasing Mer. 


Forsnas Engineering Company 


Forsnas, Raymond C., Owner 


Forsyth & Company 
Forsyth, Robert W., Dir. 


John J. Foster Manufacturing 
Company 


Foster, John J., Pres.—Sales Mgr 


Fowler Aeronautical Service 


Fowler, John C., Owner & Operator 


Fowler, Youngquist, Furber, Taney & 
Johnson 


Schroeder, Leslie Lewis, Attorney 


Fram Corporation 
Dallas, Walter H., Asst. Plant Engr. 
Paster, Donald Lee, Ch. Advanced Engrg. 
Thomas F. Francis, Inc. 


Francis, Thomas F., Cons.—Aero. 


The Franklin Institute Laboratories 
for Research & Development 
Barnaby, Capt. Ralph S., USN (Ret.), Ch., 

Aero. Sect. 
Berkowitz, Samuel M., 


Principal Engr. 
Stefan, Mrs. Lucy, 


Research Engr. 


H. H. Fraser and Associates (Pty.), 
Limited 


Syne, Tobias, Cons. 


Frazer Engineering Corporation 


Frazer, Henry Wayne, Dir. 


Frederick Research Corporation 


Frederick, Carl L., Pres. 


Fruehauf Trailer Company 


Gardner, Tracy B., Proj. Engr. 
Hitch, Robert A., Ch. Engr., 


div. 


Strick Trailers, 


The Frye Corporation 


Frye, Jack, Pres. & Chairman of Bd. 
Hansard, John B., Loads Gr. Engr. 
Mikelson, Virgil H., Design Engr. 
Rousseau, William A., Asst. Ch. Engr. 
Sevelson, M. S., Gr. Engr. 

Turner, Eugene L., Aerodynamicist 


Weil, Kurt H., Asst. to the Pres. 


Future Products Engineering 
Corporation 


Stasinos, Nick G., Pres. & Gen. Mgr. 


Garbell Research Foundation 


Garbell, Maurice A., Pres. & Dir. of Research 


Maurice A. Garbell, Inc. 


Garbell, Maurice A., Pres. 


The Garrett Corporation 


Detzer, Stephen, Devel. Engr. 

Dewell, Harlan A., Proj. Engr. 

*Garrett, J. Clifford, Chairman of the Bd. 
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White, Edmund F. Aerodynamics Engr. 

White, Richard P. Proj. Engr. 

Wiemann, Albert B., Jr., Aerodynamics Engr. 

Williams, Arthur L., Sr. Struct. Engr. 

Willis, J. G., Design Specialist 
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Wilson, Jr. Engr 

Withee, W. W., Asst. Ch., Tao. Flight Test 

Woersching, bp Fes B., Design Specialist in 
Operations Analysis 

Wokuluk, John John, Design Engr. 

Worden, Donald C., Proj. Engr. 

Wozniak, Frank BR. Design Specialist 

Wright, Robert M.. Flight Test Engr. 


Electric Boat Division 


McPherson, John B., Ch., Ind. Sales 

Sheets, H. E., Ch. Research & Devel. Engr. 

Vieweg, Rear Adm. W. V. R., USN (Ret.), 
Asst. Ch., R&D Engr. 


Stromberg-Carlson Division 


Surwillo, Phillis L., 


tronics 
Engrg. Dept. 


Designer, Elec 


General Electric Company 
Dayton, Ohio 


Elcan, William C., Mgr., Elec. Equip., Aviation 
efense Industries Sales 

Jamison, David F., Sales Engr.—Aviation & 
Defense Ind. Sales 

McTigue, George J., Mer.- 
Sales, Central District 

Olberding, 
Systems 

Stanger, W pies E., Aviation Specialist 

Stelzner, W. » Jr., Dist. Specialist 


Aircraft Engine 


Vincent P., Mgr., Sales, Aircraft 


Edwards Air Force Base, Calif. 


Jackson, F-101 Flight 
Test 

Miller, Frank Faust, Data Calculator 

Smith, Richard B., Supvr., Flight Test Engrg. 

Weaver, Virgil Ee Megr., Pilot Test 


Evendale, Ohio 


Harry B., Proj. Engr. 


Addison, Glenn T., Aircraft Systems Evalua- 
tion, New Product Planning 

Albert, Edward Vernon, Mgr., Product Plan- 
ning & Marketing Research, ‘JED 


—_— Harry B., Tech. Engr. (Design) 

f 

Arms, Richard P., Mgr., Mech. Devel. Sub- 
Sect., JED 


Asher, Andrew J., Tech. Engr. 

Beauregard, Robert E., Tech, 
Product Evaluation, AGT 

Beverage, Allan D., Rocket Sistas Planning 
Engr., New Product Planning, AGT Div. 

Blanton, John W., Mech. Design Specialist 

Blood, Webster B., Engr., J73 Proj. Bldg. 500 

Boak, Roger E., Aircraft Evaluation 
Product Planning, Marketing (JED 

Branstrom, Donald F., Nuclear Wiccan Engr., 
Marketing Sect., Devel. Dept., AGT Div. 

Brown, Fred I., Mgr., Rocket Engine Sales, 
Devel. Dept. 

Burgess, Neil, Mgr., J79 Proj., Jet Engine 
Dept., Div. 

Cherry, Laurence H., 
Rocket Sect., AGT Div 

Christensen, A. T., Mgr., J47 Marketing, Jet 
Engine Dept.. Aircraft Gas Turbine Div. 

Cliffe, Richard T, Jr., Tech. Engr., Thermody- 
namic Analysis Sect., A.N.P. Dept. 

Cochran, David, Gen. Mgr., Devel. Dept., Air- 
craft Gas Turbine Div. 

Cooley, William C., Principal Engr. 

Cornell, William George, Aerodynamicist, Air- 
craft Gas Turbine Div. 

Crook, James M., Prin. Advanced Design Engr., 
Aircraft Nuclear Propulsion Dept. 

Danforth, Clarence Stress-Vibration 
Cons. Engr., AGT D 

Daniel, Harold S., Tech. Engr.—Power Plant 
Design, Aircraft. Nuclear Propulsion Proj. 

ae. Walter, Heat Transfer Analyst, AGT 


Delano, J. Douglas, Controls & Accessories 
Prelim. JED, AGT Div. 

Dickstein, - Tech. Objectives Engr., JED, 
AGT Di 

Millard F., Fluid Dynamics Engr., 
Jiv 

Drake, Robert M., Jr., Devel. Dept., AGT Div. 

Durand, Harlan P.. Controls Analyst, Aircraft 
Gas Turbine Div. 

Ellis, George E., 
Evaluation, AGT 

Estill, Harold W., 
AGT Div. 

Fioretti, Adrian P., Ground Support Specialist, 
AGT Div. 

Fouch, George E., Gen. Mgr., 
ing Dept. 

Francis, Donald L., Supvr., Test Program & 
Analysis Unit, Idaho Engrg., ANP Dept. 

Frischhertz, N. F., Mer.—Engrg. Sect., Even- 
dale Operating Dept. 

Funk, Forrest E., Engr.—Air Design 


Specialist, J79 


Test & Evaluation, 


ae J79 Performance 


Engr., Compressor Design, 


Evendale Operat- 


ir. Engr 

Engr 

g Opera 
s Engr 
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Genetti, Bernard K., Tech. Engr., Aviation Gas Smith, | Compressor Aerodynam Heurlin, Leonard R., Mgr.—Objectives & A 
Turbine Div ics Ener Div vance Engrg —MX2 & Ad 
Gerhard, Harvey C., Tech. Engr., AGT Div. ndal I M., Propulsion Planning Jamison, David F. Supvr Marketing Re 
plications, Devel. Dept., AGT Div Specialist—Engine Plan Iohnaon, “Theadore 
Gravalos, Fausto G., Aerodynamics Specialist. ts agement 


, Harold J., Mger., Turbo H 
Advance Engrg. 

mpressor Aerodynami Kinnard, Isaac F., Mgr.—Engrg 
therr, Frank E., Supvr.—Compressor De. 

» Small Aircraft Engine Dept 


Aircraft Gas Turbine Div. 
Grega, George E., Gas Turbine Sales age 
Gregory, Edgar W., II, Weapon Systems Eng 
Market JED, AGT Div 
—*, Military Relations, 


E., Tech. Communications Jo 


Halbert, , Supvr., Cycle Analysis, JED, Tech. Engr. Lt ; arlton Gardner, » Sup Program 
AGT > ee Marl AGT & Test Engrg 
Marketing, AG Sdwarc 
Harned Proj. Mgr., ANP Dept. 
Harris, Wilham A., Engr Engr., New Product Plan S: \E D esign Prac. 
R. W., Supvr.—Engrg., J79 Project, McManus, Richard L., Engr.. Air G 
r., Mgr. entral ist., urb as 
Hoeflein, Rob rt W., Systems Planning Engr., se Ind. Sales De Div. 
GT Enci D ANI Control Components Gr., Dent. idy, AAT 
Hope, Ja .» Supvr.—Engine esign, ANP 8 Moore, William Frost, Mer Marketing : 
I <i R.. Ener Wagne . Ray S., Install. Engr., Aircraft craft Accessory Turbine Dept ing, Air. 
ones, . K., Engr. Lurbin 
Joy, Warren, Systems Evaluation Engr., New Waters, W., Supvr., JED Mer.—Turbosupercharger 
Product Planning Weinig, Frie Megr., Aerodynamics, Air Nutt ll, I nz 
Kappus, Peter G., Mgr.—New Products Plan s Turbine Div harl ar Rp pplica I 
ning Devel. Dept., Div. D Marketing, Evendale Op Mer., AAT D 
Kent, Richard, Jr., Field Engr., AGT Div. r Div awrence Product Servi Spe 
King, John H., Tech Engr., ANP Dept H., Design Ener.. Prelim D: 
Klabosh, Charles, Tech. Engr., ANP Dept. r., Supvr., T58 Thermody. 
Klapproth, John F., Supvr., Compressor Devel S ilist—J7 Installat Tr.. Supy P & 
Unit pyr., Fertorm. & Cycle 
Krase, William H., Supvr.—Engine Thermo- \\ alvsis, Gas Turbine Dept 
dynamic Design, Aircraft Gas Turbine Div. R Sewall_ F super. 
Kroll, Robert J., Tech. Engr., Atomic Products Williamson, R p. Ener... AGT 1 ump Sales—Aircraft 
Div Div. Jurbine ep 
Lang Albert E., Supvr., Marketing Service Winborn, B —Contracts, Jet R Turt nditioner 
Training D zas Turbine Div ; cle & Systems Design Unit, Aircraft Ac 
La Rocca, Aldo V., Advances Compressor Devel 47. R 
Engr., AGT Div. J En AGT Div. senberg, Richard H., Supvr. Control Design, 
Ledbetter, Robert Edwin, Mgr., J79 Control D. AGT Dix I 58 Proj... SAED 
Design Engrg., Jet Engine Dept. Sch age. Charles F., Mer —Engrg. Admin. Sery 
Leverett, Miles C., Mgr., Engrg. Aircraft Nu en Ely, Supvr.. Programn 
clear Propulsion Proj. C., Gen. Megr., Sn Nircraft Er 
Levine, S. Eugene, Tech. Engr.—Design Change, Idaho Falls, Idaho 4s 
EOD Engr 1ond Sax 
Marshall, Damel Q., Engr.—Standards Analysis Cr Me Test O Aircraft Access T 
Aircraft Gas Turbine Div. De Herbert B.. Mgr.—Op Res 
Masters, Edw: ard B., Teacher, Marketing Serv ANP A: \T 
ice Trainin School é ‘Dis Morton, Suy . Product Ser AAT 
Matson, Cliffor« urbine Att esign = gram ¢ 
McGuire. R. Loren, Combustion Test Engr., ech. Engr., Px & Data "T irbine Div 
Aire . t NP Dept Thing, Charles M.. S; A nplicatior 
Aircraft Gas Turbine Devel. _ Dept. 1 
McManus, Hugh Lo gr lurbosupercharger & Turbo Fuel Pumps, AA 
Meloy, Thomas P., 
Merten, Kenneth F., Tech. Engr. ‘horson, Morris H., Supvr Perfor nce & 
Michelson, Louis, Mer Rocket Engine Sect _ ox e Analysis, Small Aircraft Eng‘ne Dent 
Miller, Charles J... Mgr.—Cc ent & Inter Harold Everett, Mer., Aircraft Instr 
mediate Distribution Sales, ECT Los Angeles, Calif. Engrg. Suh-Sect F 
Miller, Herman, Mer.—Design Proj., ANP John 
Dept. \ craft reorge E gr tit SAED 
Mer. Quilty Contre, gr., Aircraft & Wea John B., Advanced Turbopump 
Assembly & Spare Parts Sect., AGT Div. I Rie Fine \ . John P . Ir.. Mer Marketing 
Mullin, Charles H., Supvr.—Marketing Re i Aircraft Engine Dept. 
search, JED | Henry M., Mgr., Applications, MX227 
Nash, Edward M., Principal Engr., Tech. De Small Aircraft Engine Dept 
sign; ANP Dept. R Sales Wall. Hubert G.. Mer.. Auxiliar Operatiot 
Neitzel, Robert E., Aerodynamic Design D AAT Dept 
Nelson, John Richard, | Me 
-awrence J., gr. ) 
1, Gerhard, Gen. Mgr., JED S Mer.. Wester: THR 
Newmann, Gerhard, Mgr., Devel. Engine Sect.. Aviat Tint. Salen New York, N.Y. 
AGT Devel. Dent you 
Newton, Gaylord W., Mgr., Applications Engrg., Ivers, John C., Mgr., Aircraft |} Sales. En: 
ANP_ Dept. Northeastern Dist. n, 
Paige, Hilliard W., Megr., J73 and J47 Engines, Lynn, Mass. LaPierre, Cramer live 
Jet Engine Dept ’ Atomic & Defense S 
Parker, Jack S., Gen. Mgr., AGT Div Olshan, Calvin V., E Yo: 
Payzer, Robert te Tech. Ener., Devel. Dent Supvr., Performance De Porter, Richard W., eae 
Pederson, J. M., Megr., Application Engr Analysis Unit, Aircraft Ac Preston, Frederick tall n & dey 
Advanced Engines, JED Dept Service, Engrg. : stern Dist 
Pfrommer, Eugene R., Tech. Engr.—J79 In } SAED, De Ruling, F. Charles, & Defense pro 
stallations : 227 ro Industries Sales, Apy vat atus Div bes 
Polski, James R.. Operations Specialist, AGT Design Engr., SAED Savage, Charles F., Cons f Relations. . 
Div. S I Mech. Engrg., Small Engrg. Personnel De pt., Engrg. Serv. Div. wo 
Rapp, George C€., Analytical Design Eng I 
1 Frelim. Design, TED : Aerodynamics & Per con 
Reddy, Joseph L.. Tech. Engr. Dept : . 
Reed, K. E., Suvvr., Flight & I Test Evalu ce, Supvyr.. Electro:Meck Philadelphia, Pa. bro 
ation—X207 Proj b.. SAED ; 
oe. Leonard G., Field Supvr., Service Engr Jacklitch, John J., Jr.. Ener.. Struct. Design tha 
Engrg. Dept. Mgr.—MX-2273  Proj., Kirby, Robert J., Functional Engr., SDPD_ acl 
Ross, Arthur L., Sr. Engr., Stress & Weights ne Dept Levy, acl 
Unit, ANP Dept i H., Product Planning Engr., SDPD cs rec 
Rossbach, Richard J., Turbine Design Engr. Peck, Robert F., Engr. SDPD ; 
Application Engr., AAT Powers, John Mgr., Acro-Thermodynamics 
Jt t AGT Div Er 

Savage, Ww il im F., Engr. E., Mgr.—Design Energ.. Sutt pol 
Schaefer. Robert H.. Augmentation Design Su! Small Aircraft Engine Dept Veen, George E., Jr., Engr Struct ran 
Unit Supvr., Jet Engine Dept Supver Programming 
Schapker, Richard L., Advanced Compressor rit Dept ing 


Design Engr Mgr., Evaluation Subsect 
Schmill, Wesley C., Principal Engr. 
Schmitt, Robert J., Weapon System Planning 


Engr. 


Schenectady, N. Y. 


chews Robert A., Mer., Aviation Systems 
Sells, Bert E., Design Engr., Aircraft Gas Dumont, | B., Engr., Compressors, Small Sect., Aviation & Defense I: Sales 
Turbine Div _ Aire Dept. ‘ Dept. 
Shafer. Guv C., J47 Proj. Mgr., Aircraft Gas Gardner, R W : Pec h. Engr., SAED Baker, Robert C., Application Eng: Aircratt 
Turbine Dept. erry. David | wer P58 Proj. Marketing Bloom, Harold L., Engr., SDPD 
Shattuck, Bernard F., Gr. Leader, Aircraft G Goldstein, D \., Performance Engr. ; Bowman, Kenneth Karl, Mgr.—Engrg, Guided 
Thine Div. Green, Sar Technical Engr., Aircraft Missiles Dept. 
Shouts, D. R., Gen. Mer : “0 ess ry ro:ne Dent TI Christensen, Horace H., Product Engrg. Leader, 
Gu ( up h odyn; Tig 
Sladkus, John G., JED Marketing, AGT Div. Desion. P Systems = 
Small, R. E., Mgr.—Marketing, Devel. Dept Haller, Ge E., Supvr.—Contract Admin.. Missiles Dent. ; 
; Aircraft Gas Turbine Div. aR Aircraft A sory Turbine Dent Clausen, Ingard M., Admin. Engr., SDPD 
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ENGINEERS LIVE BETTER AND ACHIEVE 


MORE IN SUNNY SAN DIEGO! 


& Cycle 


hosuper- 
Aircraft 


toner 


ft Ac 


In San Diego you’re only minutes from desert, 
mountains, oceans, bays, other attractions. 


San Diego’s year-round outdoor living makes it 
the finest place in the world to raise your family. 


‘i | Solar offers challenging opportunities 


ee: for engineers in the fields of 
t Instr e 
gas turbine engines, airborne controls 
SAEED 
p Engr and advanced aircraft and 
ing, Small 
Mx2073 missile components 
Or 1 
THREE GREAT ADVANTAGES are plan. The Engineering Division 
yours when you join Solar’s has never terminated an engi- 
Sales, Engineering Division. You'll neer for lack of work. Extremely 
i nic live in attractive San Diego. low turnover shows that engi- 
You'll work on advanced neers like Solar as a place to A 
ailaticn & development and production settle down for long range ‘ie 
a projects that will utilize your careers. a ‘ 
7 aan best abilities. And youll be We'd like to tell you more Solar’s engineers get broad engineering experi- 
erv. Div. working for a medium-size about working for Solar, and ence, intimate knowledge of Solar’s products. 


company—one where you get 
broader engineering experience 
than in larger firms, and where 
achievement is given quick 
recognition. 

Solar’s enlightened personnel 
policies provide a complete 
range of liberal benefits, includ- 
ing a profit sharing retirement 


living in San Diego. If you're 
looking for an exceptional 
opportunity, please send a brief 
outline of your qualifications, 
including educational back- 
ground, to Dale A. Cobb, Dept. 
E-107, Solar Aircraft Company, 
2200 Pacific Highway, San 
Diego 12, California. 


SOLAR HAS PERMANENT OPENINGS FOR 
Project Engineers — Gas Turbine Development 
Project Engineer — Pneumatic Ducting Systems 

Chief of Engineering Test 
Combustion Engineers — Gas Turbines 

Specifications Engineer ¢ Experimental Engineers 

esign Engineers 


SOLAR 3 


SAN DIEGO 


Leader, AIRCRAFT COMPANY DES MOINES 


SDPD 
raft Aut 


DESIGNERS, DEVELOPERS AND MANUFACTURERS + GAS TURBINES » AIRCRAFT AND MISSILE COMPONENTS + BELLOWS + CONTROLS - COATINGS + METAL ALLOY PRODUCTS 


S & Ad 
Research, 
D 
nagement 
ssor De 
P ram 
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= 
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Diamant, Benjamin, Stability & Control Engr., 
Aero. Thermodynamics Engr. Ops., SDPD 
Di Cristina, Victor, Engr Heat Transfer & 
Boundry Layer Gr., SDPD 

Dow, Norris F., Struc Engr., SDPD 

Doyle, Francis X., Patent Attorney, Aircraft 
Products Dept. 

Dufrane, Kenneth H., SAR Reactor 
Knolls Atomic Power Lab 

Equi, Eugene M., Stress and Install. Engr., 
Aero. & Ord. Systems Div., Flight Test Center 

Felgar, Robert P., Jr., Mechanics of Mate 
rials Engr. 

Fraser, J. Perry. Devel. Engr., Knolls Atomic 
Power Lab. 

Garland, Newton C., Product Engrg. Leader 

Geiger, Richard E., Engr., SDPD 

Grant, Norman F., Engr., Design Aerodynam 
ics, SDPD 

Green, Charles F., Mgr., Advance Devel., Aero 
& Ordnance Systems Div. 

Gregg, Arthur B., Jr., Product Planner 

Haven, Edward G., Mer. Aviation Sales 

Hellman, Stanley K SIR Thermal Specialist, 
oo Reactor Engrg., Knolls Atomic Power 


ion. Robert G., Proj. Mgr., Aeronautic & 
Ord. Systems Div. 

Jackson, H. Herbert, Aerothermodynamics Exp 
Engr. 

Johnson, R. L., Sales Engr., Rectifier Dept. 

it\raft, Hans, Aerodynamicist, Large Steam 
Turbine Generator Dept. 

Leggee, Richard E., Proj. Engr., Flight Test 
Center 

Lewis, Raymond T., Mgr., Commercial Avia 
tion Systems Engrg 

Linnell, Richard D., Engr., SDPD 

Marx, Michael F., Flight Control Devel. Engr. 

Norris, R. Hosmer, Cons. Engr., Gen. Engrg 


La 

Palin, “W. Clément, Jr., Aero. Engr., Flight Test 
Center, Aero. & Ord. Systems Div. 

Place, Miss M. Jeanne, Devel. Engr., Gas Tur 
bine Dept. 

Porter, Richard W., Cons. Communication & 
Control, Engrg. Services Div. 

Powers, John O., Aerodynamics Unit Supvr., 
Aero. & Ord. Systems Div., Guided Missiles 
Dept. 

Quillinan, John H., Engr.—Heat Transfer & 
Boundary Layer, SDPD 

Rice, Chester T., Sales Engr., A&OS Div. 

Richardson, Edwin L., Flight Test Pilot 

Rieger, George F., Devel. Engr. 

Schmidt, E., Cons. 

Sells, Carl H., Mgr.—Aerothermodynamics, 
Exp. Engrg. Operation 

Stahl, Laddie L., Mgr., Proj. Planning, SDPD 

Taylor, H. W., Engr. 

Veen, George E., Design Engr. 

Warren, Walter R., Engr. 

Weinstein, Jack J., Engr., Guided Missile Dept 
Aircraft & Ord. Systems Div. 

Welch, Joseph D.. Devel. Engr., Flight Control 
Systems, A&O Div. 

Williamson, Robert C., Devel. Engr., Aircraft 

as Turbine Div. 

Wilson, Robert Ellsworth, Devel. Engr.—Air 

craft Autopilots 


Seattle, Wash. 


Boring, R. F., Supvr., Install. & Service Engrg., 
Aviation Sect., Pacific Northwest District 
Christensen, A. T., Mgr., Aircraft Engines, 
District, Apparatus Sales Div. 
Cronin, Walter F.. Mgr., Northwestern Dis 
trict, Aviation & Defense Industries Dept. 
Davis, Richard V., Mgr., Aircraft & Weapons 
Systems, Sales 

McLean, K. J., Mgr.—Ajircraft Apparatus 
Service Shop 

Pawson, Ped M., Mer.—Aviation Installa 
tion & Field Service Engrg., Northwest Dist. 

Vincent, W. D., Mer., Aviation Sect., Pacific 
Northwest District 


Washington, D.C. 


Bernhart, John H., Aircraft Engine Specialist 

Fridell, Rol: and, Aircraft Engine Specialist 

Hansell, Major Gen. Haywood Shepherd, USAF 
(Ret.), Mer., Defense Planning Service 

Howard, A. W., Aircraft E ngine Specialist 

Johnson, Richard E., Mer., Southeastern Dist., 
Aviation & Defense Ind. Sales Dept., Appa- 
ratus Sales Div. 

Woods, John, Jr., Mgr., Aircraft Engines 


Wichita, Kan. 


Gile, H. L., Supvr., Aviation Eng 
Ward, George H., Specialist Risciate Engines 


Miscellaneous 


Bingham, James J., Megr., Aircraft Engines, 
Southwestern District 

deFerranti, Marc A., Mgr., Mgr. Devel. Cons 
Service 
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Firman, R s luct Design Engr., AEW 
Systems & LMEED 


Harris, R rt Mgr., Aviation & Defense 
Ind ries 
\ A Mgr., P 
M Research, Ai 
1 Supvr.—Turbines 
Mgr., Component Product 


Sales, Ay S les Div. 
Samuel, Leoni Value Analyst 
Schwartz, | 2s E., yo , S.W. District, Avia 
tion & D se Ind. Sales Dept 
Stilson, Char] Design & Application Engr. 
fietjen, Robert H., Field Engr., San Francisco 


The General Electric Company, Ltd. 
(England) 


Buckell, Frar I Mer., Aero. Dept. 


General Laboratory Associates, Inc. 


Carry, William J., Pres. 


General Mills, Inc. 


Haglund, G. O., Dir. of Sales 

James, T. R., ¢ nator of Eng 

Stiles, Ray E., Sr. Engr., Mech. Div , ERD 
Townsend, \ ( Proj. Engr., Mech. Div 


General Motors Corporation 


AC Spark Plug Division 


R 
t Fire ( 
R en 
| I g Spark 
J Sr. Pr Eng 
ky 
Allison Division 
Adams, A thony, Field Engr 
Allen, W Proj. Engr. 
Bancroft-B R I Flight Test Er 
Beaumont s D., Sales Engr., Sales & 
Conti Dept 
Bifano, M Sr. Engr.—Proj. & Design 
Bigelow, Ke th J., Asst. Zone Mgr., Daytu 
_Zone 
Proj. Engr. 
Sect. Head, Struct. Design & 
R wis, Supvr., Pre Blade 
G Supvr., Powerama 
Writer, Engrg. Handbooks 


ce 

Emmick, Ha 

Esenwein, G 

Ferreira, Pau 

Fetters, J 

Fleek, ‘David N., Js 
Compor 

*Flemir R . Dir. of Public Relations 

Forbriger, S., Research Engr., Aero 
rations 

Foster, Ned R., Proj. Engr.—Aeronroducts 

Garred, Mat »., Jr., Detail Engr., Turbo 
prop Test O tions 

Gerdan, Dimitrius, Dir. of Engrg 

Gunkel, Walt W., Gen. Supvr., Test Proj 
Contr 

Hall, Russ S Sect., Head, Preliminary De 
sign & D 

Harms, ] W.. Exptl. Engr 

Hazen, R Tech. Asst. to Gen. Mg 

Heaton, T s Proj. Engr 

Helms, H c., of Proj. Eng Stress 
Analysis e Design & Devel. G 

Holle, G xp. Test Engr 

Howar I M sr. Proj. I F.x 
Test S 

Jahnke, R t Asst. Service Mgr., Aircraft 

Johnson, Kenneth O., Compresso r Design Engr 

Keller, W J., Sr. Layout 

Keough, J] I Exp. Engr Test Proj 
Control ( 

Konrad, 17 Research Design Eng 

Kropa, Gomer E., Exp. Engr 

LaMotte, Ral; R., Mgr.—Engrg., Aeroprod 
ucts Operat 

Lovington, Paul L., Supvr. of Propeller Sales, 
Aeropr icts Operation 


Richmond, ‘Robert L., 
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Wheeler, Edward, 


Div., Aircraft Div 


oa Andrew J., Draftsman, Diesel Equip. 


"Missile Analysis, Fisher Body 


General Precision Equipment 


General Precision Laboratories, 


“Tes Research Dent. 
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Georgia Institute of Technology 
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Cm ~ Proj. Staff Eng Flight 
Collier 
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Gera Corporation 


Miller, Raymond J., Mgr., Aircraft Equip. 
Dept., Chatham Electronics Div. 


G. M. Giannini & Co., Ine. 


Dickinson, Harry Le Sr. Field Engr. 


Gero, cay Bi & Gen. Megr., Western 
Oper on 

‘Gisonin li, M., Pres. 

Rau, John Jr., Mgr., Airborne Systems Div. 


Sardou, Tech. Asst. to the 
Tingley, George A., Field Engr. 


Giannini, Limited 
Dykes, Christopher, Dir. 


Gibbs & Cox, Inc. 


Gibbs, William Francis, Pres 
Hoerner, Sighard F., Aero- odynamicist 


Giffels & Vallet, Inc. 


Dempsey, Arthur J., Proj. Engr. 


L. G. Gildersleeve 


Snow, Floyd, Gen. Mgr. 


Gillmors, Inc. 


Gillmor, D. E., Sales Mgr. 


Glendale College 


Negris, Vitalis, Student 


Globe Corporation, Aircraft Division 


Hartong, Thyra L., Contract Admin. 


Globe Hoist Company 


Gunton, Edward H., Admin. Asst. 
Globe Industries, Inc. 


Gamsu, Sidney M., Sales Mgr., Commercial Air- 
craft Prod. Dept. 


Gloster Aircraft Company, Ltd. 


Gornall, William Joseph, Sr., Stress Engr 
(Wings), Exp. Design Office 
Royston, Denis, Sr. Research Engr. 


The B. F. Goodrich Company 


Jones, Ben F., Tech. Supt. 
*Pedler, J. S., Aero. Sales Mgr. 


Goodyear Atomic Corporation 
Dalton, John H. 


The Goodyear Tire & Rubber 


Company, Inc. 


*Litchfield, Paul Weeks, Chairman of the Bd. 


Goodyear Aircraft Corporation 


Ames, Robert S., Mgr., Canopy & Laminate 
Depts. 

Anthony, R. E., Mgr. Struct. Design 

Arnstein, Karl, V-P—Charge of Engrg. 

Bauch, K. F., Struct. Cons. 

Bearden, Bruce M., Designer 

Brewer, Roger P., Sr. Engr., Plant Engrg. Dept. 

Burbick, James W arren, Stress Engr. 

Caluya, Flor N., Stress Analyst 

Christ, Paul John, Illustrator 

Clevenger, Lloyd L., Jr., Engr. 

Comer, F. D., Struct. Designer 

R Head, Gen. Design—Aerophysics 


Cox, William Ralston. Stress Analyst 
Curl, Arthur N., Engrg. Specialist—Power 
Plant Inst. Design 


Dalton, John H., Supvr. 

D’Anna, Peter W., Gr. Engr., 
Prelim. Design 

DeBrakeleer, Henry J., Designer 

Ebert, John W., Jr., Engrg. Specialist 

Erotas, James T., Prod. Engrg. Div. 

Fisher, Richard R., Sr. Devel. Engr. 

Gibson, James O., Sect. Head, Power Plant & 
Mech. Sect. 

Hansen, Ramon T., Jr., Sr. Draftsman, Power 
Plant Gr. 

Hawk, G. Wayne, Sr. Devel. Engr. 

Holman, Jerry A., Research & Devel. Engr. 

Huff, Lewis L., Aerodynamicist 

Hunter, John S., Jr. Designer 

Ingelse, Allen O., Stress Analyst 

Jamieson, Charles M., Gr. Leader.—Controls 

Jeppesen, Gordon L., Mgr. Struct. Analysis 
ept. 

Jeppesen, Norman L., Proj. Stress Analyst 

Jobe, Morris B., Asst. Sales Mer. 

Jorgenson, James S., Engrg. Specialist—Stress 

Klindworth. D. G., Devel. Engr. 

Knowles, Thomas oe Pres. 

Kottke, H. Garon, Serv. Engr. 

Kulick, Mrs. Patricia Verdery, Liaison Engr., 
Lighter-Than-Air Process Specifications 

Larson, Milton C., Sr. Designer 

Lindsay, Russell C., Sr. Designer, Design Devel. 


Piloted Aircraft 


Gr. 
Livi, George D., Stress Ausigst 
Loudenslager, Oscar W. .. Mer., R&D 
sowe, Gideon C., Jr., Service Engr. 
Malene, John E., Jr. Design Engr. 
Mardirosian, Martin, Engrg. Specialist 
Mayne, Robert 
McCloskey, Thomas Q., Sr. Designer 
Messerly, Robert N., Sr. Designer 
Mosebach, Walter G. E., Mgr., Product Engrg. 
Parry, Thomas C., Jr., jr. evel. Engr. 
Peters, Wesley H., Aerophysics Dept. 
Peterson, A. J., Mer., Govt. Proj. 
Pipitone, S. Joseph, Mgr.—Airframe Install. 
esign 
Pond, Levern A., Jr., Jr. Aerodynamicist 
Raff, Bruce W., Ir. , Sr. Designer 
Richards, Donald W., Sr. Designer 
+ Robert S., Asst. Mgr., Research & Devel. 
ept. 
Rottmayer, Earl, Engrg. Specialist—Stress 
Schnitzer, Benjamin J., Cons. Engr. Product 
Engrg. 
Solinski, Francis J., Sr. Designer 
Sowa, William W., Engr., Thermal Analysis 
ir. 
Statford, Eugene D., Ch. Pilot, Heavier than 
Air Flight Operations 
Tingley, S. F., Sr. Devel. Engr 
Topping, Alanson Dale, Engr. Specialist (Stress) 
Tribley, Arthur C., Stress ‘Analyst 
Viscovitz, John ia Jr., Liaison Engr. 
Vorachek, Jercme J., Devel. Engr. 
Waldman, jack L., Proj. Engr. 
Zesiger, Denton E., Mer. Tatenateses Proj. 
Zipkin, Morris A., Ch. Thermodynamicist 


Gothenburg University (Sweden) 


Stubelius, Svante, Fil. Lic., Lecturer in Eng- 
lish Phonetics 
Grand Central Aircraft Company 
Moseley, C. C., Pres. & Chairman of Bd. 
Nicholson, Hus gh G., Jr., Engrg. Supvr. 
Gratiot Engineering Company 


Gratiot, John Peter, Proprietor 


Graviner Colnbrook Manufacturing 
Company 


Bennett, Neill Gibson, Ch. Engr. 


Gray & Huleguard, Inc. 


Kahre, Kenneth J., Quality Control Engr. 


The Greenleaf Manufacturing 
Company 
Gahn, Edwin H., Ch. Production Engr. 


Greenblatt, Louis W., Pres. 
Volk, Joseph A., Dir. of Research 


Greer Hydraulics, Inc. 


Bullard, Lyman A., Jr., 
roducts 

Greer, Edward M., 

Kendall, Julius, 


Mer.—Flight Safety 
Daas and Ch. Engr. 
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Grumman Aircraft Engineering 
Corporation 


Ackerman, William H., Jr., Design Draftsman 

Adornato, John A., "Design Engr.—Landing 
Gear 

Adornato, Joseph, Struct. Test Engr. 

Albanese, Savino C., Design Engr. 

Allen, Warren J., Engrg. Mgr. 

Attridge, Thomas. W., Jr., Engrg. Test Pilot 

Aubin, William M., Research Engr. 

Austin, Gerard C., Research Engr. 

Bacile, John I., Struct. Test Engr. 

Baird, Eugene Frederick, Ch. 
Vibration Engr. 

Bauer, Elmer M. Flutter & Vibration Engr. 

Benincasa, John, "Stress Analyst 

Berger, Frederick, Propulsion Engr. 

Birnn, Herbert G., Power Plant Controls Engr. 

Blomback, Fritz, Aerodynamicist 

Bonan, Eugene J., Aero. Engr. 

Bornemann, Eldred J., Design Engr. 

Bower, Robert E., Research Engr. 

Bram, Robert, Aero. Design Engr. 

Breul, Harry T., Research Engr. 

Bruning, William H., Tool Engr. 

Bruns, Erwin, Design Engr. 

Burger, Elting Methods Engr. 

Caprioglio, Elio, Ch: of Mech. — 

Casaccio, Anthony, ‘Research Engr. 
namics 

Center, Kenneth W., Research Engr. 

Cervellino, Lawrence J., Struct. Flight Test 
Engr. 

Ciccone, Joseph John, Des'gn Engr. 

Claflin, Waldo M., Engr. 

Cochran, William J., Engrg. Serv. Pilot 

Coe, John M., Struct. Test Engr. 

Cohen, Edw ard C., Struct. Engr. 

Coldewey, Edwin W., Engr., Propulsion Dept. 

Colquhoun, Donald, Detail Design Engr. 

Conners, James M., Gr. Engr.—Armament & 
Air Conditioning 

Coppi, Charles N., Layout Design Engr. 

Corbett, Marshall im Power Plant Engr. 

Cosbey, Edward, Designer 

Costa, Rinaldo, ‘Aerodynamicist 

Coursen, John William, Design Engr.—Power 
Controls 

Crawford, Herbert R., Ch. of Flight Test 

Crews, Arthur Allan, "Research Engr. 

Curasi, Felix J., Aircraft Design Engr 

Dankenbring, Henry D., Design Engr.—Re- 
liabil:ty 

Davies, Robert S., Research Engr. 

Deibert, Herman George, Instrumentation Engr. 

Dickman, Paul R., Applied Loads Engr. 

Doerlich, Charles, Jr., Struct. Design Engr. 

Dong, J. S. Tommy, Tool Designer 

Drace, Leonard J., Aero. Engr.—Armament 

Drapala, Philip A., Designer 

Edgerly, Robert M., Instrumentation Engr. 

Ehrhardt, Charles J. 

Elsen, William G., Flutter & Vibration Engr.— 
irch Dept. 

Epps Macon, Jr., Ch. Weight nea 

Oscar, Ch. Design Eng 

Fehrs, William, Jr., Flight Test Proj. Engr. 

Ferdman, Saul, Struct. Engr. 

Fessenden, Thomas E., Research Engr. 

Flagg, Henry Collins, Struct. Engr. 

Fogel, Gerald D., Supvr., Automatic Comput- 
ing Facility 

Forster, Allan, Propulsion Engr. 

Frank, Arthur S., Ch. Productnm Proj. Engr. 

Frederick, Kenneth R., Liaison Engr. 

Gander, William J., Wind Tunnel Proj. Engr. 

Gatehouse, William A., Jr., Propulsion Engr 

Gavin, Joseph G., Jr., Ch. Exp. Proj. Engr. 

Gayne, William J., Design Trainee, Revisions 
Gr. 

Geignetter. Chas., Aero. Design Engr. 

Germano, Bruno John, Design Engr. 

Geyer, Leo A., Prelim. Design Engr. 
*Grumman, Leroy R., Chairman—Bd. of Dir. 

Gustafson, Robert L., Ch. of Aerodynamics 

Hall, Robert L., V-P—Engrg. 

Harmon, Thomas M., Instrumentation Engr. 

Harris, Robert J., Struct. Engr. 

Hedrick, Ira Grant, Ch. Tech. Engr. 

Heisler, David, Struct. Engr. 

Hey, Albert E., III, Design Engr. 

Hilderman, Richard A., Struct. Proj. Engr. 

Hodge, Kenneth E., Aero. Engr., Dynamic 
Analysis Gr., Research Dept. 

Hopkins, Harold B., Jr., Research Engr. 

Horn, Herbert E., Flight Devel. Engr. 

Horsch, Frank J., Jr., Struct. Test Engr. 

Howering, Ralph W., Propulsion Engr. 

Hurley, Mary Jeanne, Loads Engr. 

Hutton, Richard, Ch. Engr. 

Infiorati, Matthew P a Struct. Designer 

Kahn, Roger W., Serv. Mgr. & Test Pilot 

Kelley, Henry J., Research Engr. 

Kelly, Edward J., Research Engr. 

Kita, Richard nee Aerodynamist 

Koch, Frank If, Research Engr. 

Kotarchyk, Nathan, Struct. Engr. 

Kowalchik, Michael, Power Plant Engr. 

Kozlowski, Carroll ‘T. , Stress Analyst 

Krameisen, S. Murray, Design Draftsman | 

Kress, Robert Willis, Research Engr., Dynamics 

Automatic Control 

Kurt, Franklin T., Dir. of Quality Control 

Lamorte, Donald ie Struct. Engr. 

Lansing, Warner. Struct. Methods Engr. 

Ledesma, Richard R., Aerodynamicist 


Flutter and 


Aerody- 


De 
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ies, 
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Lentini, John, Contract Coordinator 

Lewin, No rman, Research Engr. 

Lippert, Joseph, Jr., Prelim. 
namicist 

Lotgren, Carl O., Power Plant Engr. 

Mack, Charles E., Jr., Ch. of Research 

Struct. Methods Research 


Design <Aerody 


Mal James 1 
Engr. 

Malmuth, Norman, Engr 

Marchese, Michael A., Research Engr. ; 

Mascolo, Wilfred D.; Engr. Stress Analyst 

Mauser, Gary B., Aerodynamicist 

Mead, Harold R., Research Engr. 

Mead, Lawrence M., Jr., Proj. Engr. 

Meyer, Corwin Henry, Sr. Engrg est Pilot 

Mockoveiak, John, Jr., Aero. Design Engr. 

Mohrman, Robert |., En 

Mollenberg, Ernest [., 
namicist 

Moorman, Theodore H 

Moss, Harold M., Prei Design Gr 

Myers, George M., Test Engineer 

Nacleric, Albert, Struct. Designer 


Flight Test Aerody 


Engr. 


Nadworny, Henri C., Engr.—Design Gr : 
Nich Alfred, Aerodynamicist—Prelim 
Design 


Nylund, Thomas ( Aerodynamicist—Perform- 

Ober, Leonard J., Tool Designer 

Oldenburg, Richard L., Test kngr. 

VUlsen, Lawrence G., Power Plant Engr 

Olsen, Oscar F., Staff Engr. 

Osborn, Earl Pine, Applied-Loads Engr. 

Oxhorn, Norman R., Communications Engr 

Pastoral, John G., Flight Test Engr. 

Paulsrud, Leonard, Wing Design Gr 

Percy, Richard A., Tool Engr. 

Perry, Armand F.. Flight Insp 

Pickett, Robert D., Gr. Leader—Flight Control 
Systems, Mechanical Design Dept 

Piponniau, Pierre, Engrg. Trainee 

Probst, Joseph 

Rabut, Elec. Design & Layout Engr. 

Kamsden, Earl 1., Proj. Engr. _ 

Ratnke, Charles William, Proj. Engr. 

Roemer, Robert L., Design Engr. 

Rogers, Alden L., Aerodynamicist _ 

Rogers, Samuel B,, Prelim. Design Engr. ae 

Komeo, Arthur Frank, Pres., Grumman Flying 
Club, “Flight G Inc.” 

Rottmann, Amandus, Jr., Materials Engr. 

Rouse, Robert G., Jr., Flight Test Coordinator 
—Exp. 

Rowley, Frederick C., 

Salvatorelli, Louis J., Stress Analyst 

Scandalis, Angelo C., Design Engr. 

Schaffer, Arnold Philip, Struct. 
ongr. 

Scheuing, Richard A., Research Gr. 

Schwenuler, Wm. Tf., Exec. V-P 

Scott, Walter H.. Jr., Ch. Devel. Engr 

Semcken, John H., Jr., Flight Test Engr. 

Silverman, Ralph E., Performance Engr. 

Souie, Wyman Albert, Struct. Engr.—Applied 


Leader 


Engrg. Test Pilot 


Flight Test 


Leader 


Loads 
Spaulding, Howard O., Power Plant Install. 
Engr. 
Spelber, 
namics 
Spruill, Cecil E., Struct. Liaison Engr. 
Sutton, W. L., Production Mgr. 
Suydam, Henry B., Hydrodynamicist 
Sweetser, Converse W., Asst. Ch. of Struct. 
Thomasson, Fred Terry, Flight Test Engr. 
Tilgner, Charles, Jr., Ch. Aero. Engr. 
Trapnell, Vice Adm. Frederick M., USN, Ret., 


Leonard G Design Engr., Aerody- 


Engrg. Cons 

Tripp, Ralph E H., Ch. of Instrumentation 

Trott, Warren Calvin, Aerodynamicist—Stab. & 
Control! 


Tsirimokos, John X., Research Engr. 


‘Tsongas, Alexander, Struct. Proj. Engr. 

Ulrich, Karl Walter, Aerodynamicist—Stability 
& Control 

Umstetter, John J., Struct. Flight Test Engr. 

Valdivia, Francis S., Struct. Engr. (Stress 
Analysis) 

Van Name, John F., Design Engr.—Control 


Surfaces 
Varisco, Angelo, Design Engr. 
Varvaro, Anthony, Design Training Engr. 
Villalba, Ivan, Stress Analyst 
Visconti, Joseph, Struct. Engr. 
Wade, Wm. Eugene, Jr., Asst. Ch., 
ber: amics 
Wagner, Hart, Flight Test Engr. 
Walsh, Joseph G., Aerodynamicist 
Watts, Linden L., Jr., Model Design Engr.— 
Aerodynamics 
Wehle, L. Brandeis, Jr., 
G 


Aerody- 


Ch., Struct. Methods 


Weiss, Leonard J., Struct. Engr. 
Wendell, Kenneth F., Install. Engr. 
Wennagel, Glen J., Struct. Proj. Engr. 
WwW es Arnold B., Head, Dynamic Controls 


W a. Robert F., Engr. 

Whitson, Charles A., Liaison Struct. Engr. 

Wittko, Joseph N., Power Plant Install. Engr. 

Woessner, Richard M., Design Engr. 

Yorke, Duane, Stability & Control Aerodynami 
cist 

Zarkowsky, William M., Ch. of Propulsion 

Zoudlik, Rudolph J., Controls Engr. 

Zurich, John, Struct. Design Engr. 


Guggenheim Brothers 


Guggenheim, Harry Frank, Sr. Partner 


YG REVIEW 


Daniel Guggenheim Medal Board of 
Award 


Arms, John H. R., Secy. 


Gulewrest Associates, Inc. 


Resnick R., Pres. 


Gulf Marine Supply Company, Inc. 


Green, ( R rd J.. USN (Ret.), Gen 
Mgr. 


Gyrodyne Company of America, 
Incorporated 


Peter J., Pres. 
{ng C., Staff Engr. 


H & A Manufacturing Company 


Allward, George Arthur, Owner 


H & B American Machine Co. 


Engel, W N Asst. Works Mer. 


B. H. Hadley Company 


Ryan, C. 7 tf Er 


igrg. Operations 


Haines Gauge Company, Inc 


Slaymaker, $ E., III, V-P & Ch. Eng 


pest Ey ) 


Haley, Doty & Wollenberg 


Haley, Ar Attorney-at-Law 


Hall Engineering Company 
Hall, Burt J., F 


Hall-Scott Motors Company 


Cooper, Laurance H., Pres. 


T. P. Hall Engineering Corporation 
Hall, Theodore P., Pres. & Ch. Engr. 


Haller, Raymond & Brown, Inc. 


Duke, Charles } Sr. Engr. 
Huyett, Ri Sr. Engr. 
McLucas, J Tech. Dir. 


Hammond Manufacturing 
Corporation 


Schirtzinger, Joseph F., Pres. 


Hancock Industries & General Sound 
Control 


Smith, ) V-P & Gen. Mer. 


Page (Reading) Ltd. 


Au-Yong, Ald B., Sr. Stress Analyst 
Handley Pag Sir Frederick, Chairman & 
Managing D 


Handy Associates 


Kurtz, Howard G., Jr., Associate 


Hanlon & Wilson Company 


Wilson, John R., Pres. 


Hanovia Chemical & Manufacturing 
Company 


Gray, Harold E., Works, Mgr. 


SEPTEMBER, 


1956 


Hansel Engineering Company, In 


Hansel, Sydney, Pres. 


Hansen-Lynn Company, Inc 


Killam, William J., Ch. Draftsman 


The Harbor Sales Company, Inc. 


Covington, Sales Mer 


Don K., Jr., 


Hardman Tool and Engineering 
Company 


Harper Engineering 
Pannell, William H., Jr., Design E 
Pollak, Richard, Research Engr 

Harriman Ripley & Company 


Ripley, Joseph P., Chairman 


George E. Harris and Company, Inc 
Harris, George E., Pres. 
Kubik, Ralph E., Application Eng 

Harris, Kiech, Foster and Harris 


Tinsley, Walton Eugene, Attorney 


Harris-Seybold Company 


Purinton, Richard S., Defense Products Mgr. 


Hart Metal Products Corp. 


SorBello, Vincent A., Ch. Engr. 


Hartford Accident & Indemnity 
Company 


Brown, Emery B., Safety Engr. 


Harvard University 


Amon, Richard F., Student, Grad. School of 
Business Admin. 

Baker, George Pierce, James J. Hill Prof. of 
Transportation, Grad. School of Business 
Admin. 

Brocks, Charles Franklin, Prof. of Meteorology 
y Dir., Blue Hill Meteorologic al Observatory 

Bryson, Arthur E., Jr., Assoc. Prof. of Mech. 


Sudiansky, Bernard, Assoc. Prof f Struct 

Che-Tyan, Research Fellow 

Cole, Arthur H., Librarian, Baker Library, 
Grad. School of Business Admin. 

Frassinelli, Guido J., Student, Grad. School of 
Business Admin. 

Goldstein, Sydney, Gordon McKay Prof. of 
Applied Mathematics, Div. of Engrg. & Ap- 
plied Physics 

McFarland, Ross A., 
Public Health 

Nathanson, Theodore H., Grad. Student 

she hee Carl E., Asst. Prof. of Applied Me- 
cnanics 


Rockett, John A., 


Assoc. Prof., School of 


Student 


Harvey Aluminum Sales, Inc. 
Morell, John D., Sales Engr., Pacific NW Of- 


fice 


Harvey Aluminum Division of Harvey 


Machine Co., Inc. 


Bagdanovich, Rear Adm. Michael P., USN 
(Ret.), Asst. to mae R&D 

“Harvey, Homer M., 

Israel, Edmund M., Prop Engr. 

Teeter, George H., Ch. Electronics 
Engr. 
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Haskel Engineering Associates 


Driskel, Don W., Partner & Ch. Engr. 
Hayman, Richard L., Partner 


Hayes Aircraft Corporation 
Anderson, Leon R., Gr. Engr.—Stress 
Anker, Carl L., Engr., Stress 
Cook, Billy J., Gr. Engr.—Airframes 
Gartseff, Valerian N. 

Hezlep, Re bert B., Jr., Struct. Gr. Engr. 
C hlin, William Glen, Design Specialist 
shej John M., Ch, | Tech. Engr 
O'Neal, William 
Bernard A., Ch. of Stress 
Robinson, R., Asst. Proj. Eng: 
Vanderlipp, Nathan F., Exec. V-P 


W. D. Hazlett, Manufacturers 
Representative 


Hazlett, William D., Owner 


Hedwin Corporation 


Speas, Charles A., Asst. Tech. Dir. 


Heinkel-Werke Stuttgart 


Truckenbredt, 


namics 


Erich, Dept. 


H. J. Heinz Company 


Williams, Harvey, V-P, Overseas Operations 


Heli-Coil Corporation 


Fraser, Robert J., Sales Rep. 


Helio Aircraft Corporation 


Caswell, Everett L., Jr., Engr.—Design 
Laber, Robert H., Ch. Draftsman 
Smithline, 


Helmbrecht Company 


Helmbrecht, William C., Jr., Pres. 


Don Heng Company 


Heng, Donald J., Owner 


The Paul Henry Company 


Henry, Paul, Owner 


Herrmann Engineering Company 


Herrmann, Karl L., Mgr. 


Robert Hewitt Associates 
*Hewitt, R. M., Pres. 


Hexcel Products 


. Eastern Regional Mgr. 


Hicks and Keeneth 


Keeneth, J. Albert, Partner 


Hijos de Heraclio Fournier SL 


Alfaro, Heraclio, Cons. 


Hill & Knowlton, Inc. 


Darrow, Richard W., Exec. V-P 


Hiller Helicopters 


Anderson, 


Robert R., Ch. Proj. Engr. 


Carlson, Richard M., Ch. Struct. Engr. 
Coleman, David L., Design Engr. 
Feldman, Howard, Struct. Engr 


Greenfield, 


William D., Assoc. Engr. 


Leader, Aerody- 


Lawrence, Gen. Mgr. & Ch. Engr. 


Hiller, Stanley, Jr., Pres. 

Jacoby, Donald R., che Test Engr. 

Lockwood, Raymond M., Research Engr., Ad- 
vanced Research Div. 

Messinger, Carl W., Jr., Proj. Engr. 

Meyer, Harold J., Test Engr. 

Montanaro, C. G., Jr., Design Engr. 

Morse, H. Andrew, Aero. Engr. 

Nichols, John B., Mgr., Product Planning Dept. 

Parmenter, Clyde W., Stress Analyst 

Schnebly, F David, Mgr.—Operations, Re 
search Dept. 

Shaul, Gerald R., Gr. Engr., Power Plant 

Stuart, Joseph, Lit: Ch. of Prelim. Design 

Trapp, Albert E., Proj. Engr. 


Hillyer College 


Hemond, Conrad J., Jr., Prof. 


of Engrg. Sci- 
ences & Cons. in Acoustics 


Hinchcliff Motor Service, Inc. 


Hinchceliff, Richard H., V-P & Gen. Mgr. 


Hindustan Aircraft, (Private) Limited 
Das, Subodh C., Aero. Engr., Design Dept. 
Desai, Pratap D., Aero. Engr. 

Ghatage, V. M., Ch. Designer 

Kulkarni, S. R., Aero. Engr. 

Venkataraman, ‘A. S., Aero. Engr. 


Hiroshima University 


Maekawa, Tsutomu, Prof., Faculty of Science 


HiShear Rivet Tool Co. 


Kulachkosky, John, Design Draftsman 


Trygve Hoff & Associates 


Noltimier, Ross L., Jr. Designer 


R. W. Hodgson Company 


Hodgson, R. W., Dir., R&D 


Hoffman Radio Corporation 


Franklin, Peter G., Proj. Engr 


Holley Carburetor Company 


Wu, Hsueh-Ping, Engr. 


Honeycomb Structures Company 
A. M., Tech. Dir. 
Tuttle, S:, V-P & Gen. Mgr. 


Ludwig Honold Manufacturing 
Company 
Islamoff, Ilia I., V-P—Engrg. & Devel. 
Mack, Fred J., Jr., Design Engr. 
Wardle, Meredith C., Ch. Engr. 
Hoover Electronics Company 


Cohen, Charles Harold, 
Draftsman 


Electro-Mech. Designer 
Horizons, Inc. 


Grosz, Peter M., Jr. Exec. 


Howard Holmes, Inc. 


Holmes, Howard, Pres. 


The Howard National Bank & Trust 
Company of Burlington, Vt. 


Carlisle, Edgar G., Jr., Trust Officer 


Huck Manufacturing Company 


Bernard, Thomas, Mgr. of Field Engrg. 
Brilmyer, Harold G., V-P—Research 
Clute, Ray V., Regional Product Engr. 
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Crook, F. P., 
DeLoach, Frank ip Regional Engrg. Rep. 
Dobbe, Frank Dir. Sales 

Looker, Robert, V-P—Sales 

Miner, Milton .- Western Rep. 

Myrick, J. L., Prod. Engr. 

Salogga, Frank J., Regional Product Engr. 
Strother, Ray A., Regional Engrg. Rep 
Upton, A. Joe, Regional Engrg. Rep. 


Sales Engr. 


Hudson Motor Car Company 


Goldberg, Gerald L., Stress Engr 


Hufford Machine Works, Inc. 


Muzik, Victor Klifton, Sr. Stress Engr. 


Hughes Aircraft Company & Hughes 
Tool Company, Aircraft Division 


Abbott, Jack G., Supvr., Plant Facilities Engrg. 

Alexander, Eli James, Design Engr. 

Amano, Masashi, Richard, Member, Tech. Staff 

Babberger, Carl W., Ch. of Aerodynamics and 
Research 

Baker, Irwin, Member, Tech. Staff 

Barber, George U., Struct. Design Engr. 

Barry, Joseph H., Exp. Mechanic 

Bates, Mortimer Design Engr. “‘A,’’ R&D 

Bean, A. Douglas, Mech. Engrg. Designer, 
Missile Design Integration 

Beebe, Murray C., Jr., Head, Propulsion Dept. 

Bell, Stanley A., Member, Tech. Staff 

Bentley, Richard M., Member—Tech. Staff 

Bleakney, Wm. M., Sr. Member—Tech. Staff 

Boseker, F. John, Jr., Design Analysis Mgr. 

Boswell, Clay C., Aero. Engr., Helicopter Dept. 

Bozajian, John M., Member, Tech. Staff, Guided 
Missile Labs. 

Burnell, Edwin J., Staff Engr., 
Design Integration Dept. 

Burrell, Margaret E., Librarian 

Carter, Kenneth C., Aero. Engr., 
Flight Test Engrg. Dept. z 

Carvey, Thomas B., Jr., Asst. Head. Design 
Integration Dept., Guided Missile Labs. 

Chawla, Jagannath P. 

Cherne, Jack M., Proj. Engr.—Devel. & Test 

Chris, Stephen J., Aero. Engr. 

Coleman, Thomas F., Research Engr., Aerody- 
namics, Weapon Systems Devel. Labs. 

Corsette, Douglas » Member—tTech. Staff 

Cowan, Lloyd G. H., Engrg. Designer ‘“‘B” 

Crabtree, James A., Asst., Ch. Design Engr. & 
Ch. Weight Engr. 

de Haas, Hank, Insp., R&D Lab. 

De Haven, Robert M., Asst. Dir., 
erations & Flight Test Div. 

Drebinger, John W., Member—Tech. Staff 

Duncanson, Donald 'N., Engr. 

Eisenberg, David, Design Engr., Adv. Elect. 


Missile Engrg. 


Designer, 


Aircraft Op- 


Faucett, Richard S., Mech. Engrg. Designer 

Feigen, Morris, Member—Technical Statt 

Feiler, Alfred M., Special Projs. Proj. Engr. 

Forman, Edward S., Gen. Foreman, Missile 
Explosives Assembly 

Fredrick, J. Louis, Member—Tech. Staff, 
Weapon Systems Devel. Lab. 

Gale, Austin H., Member, Tech. Staff 

Greene, Geo. M., Asst. to V-P, Engrg. 

Hagedorn, Alfred A., Sr. Member, Tech. Staff 

Haller, Howard E., Mech. Engr., Membe: 
Tech. Staff, Guided Missile Div. 

Hanson, Carl , Research Physicist 

Hartlieb, Robert J., Jr., Member, Tech. Staff 

Hess, Frederick W., Staff Research Physicist, 
Weapons Systems Devel. Lab. 

Hirsch, Harold, Ch. Helicopter Engr. 

Hopper, Rea E., V-P & Gen. Mgr. 

Horsley, Arthur Scott, Member, Tech. Staff 

Hughes, Howard R., Pres. 

Jenkins, ——- L., Member, Tech. Staff 


Jones, Clyde , Dir. of Engrg. 

Jones, eion” Elec. Engr. & Member, Tech. 
Staff 

oo R. G., Adm. Engr. Member—Tech. 
Sta 


Klocksiem, John P., Ch. Design Engr. 

Koch, Walter Louis, Research Physicist & Aero. 
Engr., assigned as Scientific Cons. to USAF 
in Europe 

La Forge, Sally, Aero. Engr. 

Lampton, Glen T., Ch. Underwater Ord. Engr. 

Lefever, Charles W., Contract Admin. 


Leone, William C., Head, Controls Engrg. 
Sect. Systems & Controls a 
Liggett, W. H., Gr. Head, Stress & Test Radar 


ab. 

Lorence, Herman R., Design Engr. 

Laem, Joseph A., Specification Engr., Radar 

iv. 

Lutwak, Sol., Asst. Head, Loads Sect., Heli- 
copter Dept. 

Marriott, Edwin O., Aerodynamicist 

Mason, Maxwell, Member, Tech. Staff 

McComas, William E., Cons. Engr. & Member, 
Tech. Staff, Products Div. 

McRoberts. Donald N., Aero. Engr. 

Moore, Richard E., Mech. Engr. 

Mueller, Hans F.. Aero. Engr. 


Inc. 
y, Inc. 
— 
“ab. 
NW Ot 
Harvey 


362 AERONAUTICA 


Naiman, Irven, Research Physicist, Guided 
Missile Lab 
Neiswander, Robert S., Research Physicist 


Nisley, John D., Supvr., Power Plant Sect. 

Oswald, Telford, Sr. Staff Engr. 

Paxton, Charles N. 

Phillips, Warren L., Research Physicist 

Price, Milo, Member—Tech. Staff 

Puckett, Allen E., Dir. of Advanced Planning 

Rasumott, Abner, Loads Section Head, Heli- 
copter Engrg. Dept. 

Reed, Warren D., Exec. Dir. 

Rialson, Donald 2s Assoc. Ch., Flight Test 
Engrg. Dept. 

Rittamel, Frances A., Aero. Engr. 

Roberts, Wilbur E., Pilot 

Rogers, Arthur Wm., Aero. Engr. 

Rogers, Nelson M., Liaison Staff Engr. 

Schilling, Edward A. Research Engr. 

Schmidt, Donovan a Mech. Designer 

Sechler, Charles W., Master Programmer 

Shieber, Herbert, Design Engr. 

Siewertsen, H. A., Mech. Engr. 

Simpson, Edward H., Mgr.—Production Engrg. 

Smith, Henry G., Ch. Stress Engr. 

Stensgaard, Conrad P., Jr., Member of the 
Tech. 

Stoolman., Head. Aerodynamics Dept. 

Strible, F. C., Staff Engr. 

Tirman, C. Js Mech. Engr. 

Tobin, Gerald C., Research Physicist 

Townsend, John M., Aero. Engr. 

Turk, Daniel R.. Aero. Engr. : 

Veck, Milton F., Mech. Engr., Tech. Staff, 
Tuscon Engrg. Lab. Lal 

Wandzura, Bohdan I., Aerodynamicist 

Wong, Larry, Mech. Engr., Aerodynamics Dept., 
R&D Labs. ‘ 

Yakura, James K., Member, Tech. Staff 


Humphrey & Vandervoort 
Stinson, William E., V-P 


Hunting Percival Aircraft, Limited 
Frise, Leslie G., Tech. Dir. 


Hupp Corporation 
Heady, Roy T., Proj. Engr. 


Hussmann Refrigerator Company 
Hayes, Roscoe C., Jr., Asst. Proj. Engr., Air- 
craft Div. 
Hycon Manufacturing Company 
Acker, Alden E., Pres. 
Edenquist, Gunnar, Sr. rr. 
Johnson, William A., ot» F roj. Engr. 
McFadden, William ( 7-P 
Hydra-Electric 


Humphrey. James B., Gr. 
Switch Div. 


Engr., Pressure 


Hydrair Corporation 
Fisher, James L., Jr., V-P 


Hydro-Aire, Inc. 


Austin, Homer, Sales Engr. 

Branson, Orland, eg 

Cooper, Frank, P & Gen. Sales Mer 

Craigie, Lt. Gen. Laurence C., USAF (Ret.), 

Gottlieb, Theodore D., Design Specialist 

Lichty, Dale A., V-P—Sales & Engrg. 

Rhoads, Homer, Pres. 

*Scott, Stephen C., Dir., Public Relations 

Wilkinso ym, Orville L., Mgr.—Hytrol Products 
Div. 


Hydropress, Inc. 


Komorn, Marc B., Design Engr. 


Hymatic Engineering Company, 
Limited 


Habermass, George Zbigniew, Type (Qualifica- 
tion) Test Engr., High & Low Pressure Air- 
craft Pneumatic Equip. 


Ideal Building Materials 


Hightower, Paul G., Sales Mer. 
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Impact Register Company 


Partner 
W. S., Pres.-Treas. 


Indian Airlines Corporation 
hari, M. N Supt., Maint. 
Indian Institute of Technology 


N., Asst. Prof. of Mech 


Sen Gupta, S. R., Dir 


Indiana Technical College 


Dow, Benjar I Dept. Head—Aero. Engrg 


Industrial Acoustics Company, Inc. 


Ring, Walt Proj. Ener. 


Industrial Art & Engineering 
of Los Angeles 


les Rep. 


Industrial Crane & Hoist Corporation 


Hudson, K C., Design Engr 


Industrial Engineering Research 
Nordyke, Sam I Proj. Engr 
Industrial Marketing Associates 
Schrier, Jack 
Inertial Instruments, Inc. 


Jenson, Robert M., Pres. 


Ing. Buero Dipl. Ing. Buelkow 


Nauschuetz, | H., Dipl—Ing. 


Institut de Mecanique des Fluides 


s, Professeur a la Faculté des 


Institut Fuer Aerodynamik 


Ackeret, Jak Prof., Eidq. 
Heller, Alfred, Aircraft Engr. 
Rauscher, Manfred, Prof. 


Institute of the Aeronautical 
Sciences, Inc. 


Dexter, Robert R., Secy. 


Dodge, Bever Agnes, Editor, IAS Roster & 
Aeronautical neering Catalog 

Elliott, Roy W., Supvr., Tech. Film Cataloging 
>roj., San Dieg 

Glennon, John Joseph, Librarian 

Johnston, S. Pau Dir. 

Maitan, Joseph J., Controller 

Meskel, * mas J., Asst. Secy. 

Robischon, E. W Western Region Mar. 

Rainey, Ronald I Bldg. Megr., Los Angeles 

Ryan, Joseph | Mer. of Publ lications 

Shrader, Welman A., Dir. of Publications 


Institute of Radio Engineers 


Cumming, 
(Ret.), T Ss 


Lawrence G., U.S.N.R 


The Institution of Mechanical 
Engineers 


? son, R t John, Head, Publications & 


Instituto Tecnologico de 
Aeronautica, C.O.C.T.A. 


J., Rector, Head—Aircraft Div., 
M 


tors 
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Insurance Company of North 
America Companies 


Fai irban ks, Warren E., Special 


Rep.—Aviatiog 
A. Edgar, Claims 


Supvr.—Aircraft 
*Morrison, R. A., Supt., Aviation Dept 
ford, Charles A., V-P 


Sel lers, John H., Tech. Supvr.—Aviation 


INTAIR, Ltd. 


Meeus, Fred L., Pres. 


International Astronautical 
Federation 


Haley, Andrew G., V-P 


International Business Machines 
Corporation 


Ashton, John K., Jr., Produ 
Beckhardt, Arnold R., 
borne Computer Lab., Milit: ary 
Watson, Thomas John, Jr., Pres. 
Wolf. Arnold S., Applied Science Rep 
Wood, M. Loren, Mgr., Exploratory R&D 


International Civil Aviation 
Organization 


Ashton, Robert, Ch., 
Mission—Israel 

Berg, Alfred Gordon, Ch.—Airworthiness 

De Tavel, Franz E., M.D., Medical Adviser 

Lopez, Raul, Instr. in Ch., Aircraft Maint, 
TAB Mission 

Poblacion, Antonio, Tech. Officer 

Puvrez, Paul A., Tech. Officer, Airworthiness of 
Aircraft 

Serralles, Juan K., Language Sect. 

Tippett, Cloyce Joseph, ICAO Rep., South 
America 

Warner, Edward, Pres. of the Council 


ICAO Tech. Assistance 


International Electronics Engineering, 
Inc. 


Scott, Merit, Dir. of Researcl 


International Harvester Company 


George C., 
ara, Frank R., 


Test Engr 
Design Analyst 
International Nickel Company, Inc. 


Burchfield, William F., Asst. Dir. of Tech. 
Service 


Fales, Herbert V-P 
P & 


*Laque, 


Mg 


International Register Company 
Krebes, Joseph I., Proj. Engr. 
International Telephone & Telegraph 

Company 


Buttner, Harold H., V-P 
Westman, Harold P., Editor—Electrical Com- 
muntcation 


Interstate Engineering Corporation 


Birrer, Lloyd G., Jr., Proj. Engr 


Investors Diversified Services 


Edgerton, John W., Sr. Analyst 


lowa State College 


W., Prof. & Head, Dept. of 
gre. 
Mi illett, Mele L., Jr., Asst. Prof f Aero. 
Engrg 


an Glenn, Head of Theoretical & Applied 
Mechanics Dept. 
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Flush antennas: a creative challenge for 


The translucent “window” slightly above 
and to the right of the man’s head is a 
plastic and glass fiber insulator which 
electrically isolates the fin tip from the 
rest of the airplane’s structure. This per- 
mits the tip to be used as an antenna—one 
of more than 50 on the Boeing B-52. 
Many of these antennas take structural 
loads, and they must function perfectly 
through extremities of stress, vibration 
and temperature change. Aeronautical 
engineers worked closely with many other 
kinds of outstanding scientific specialists 
in developing them. 

Aeronautical engineers make certain 
that these antennas preserve the aerody- 
namic integrity of the aircraft. In this and 
other design projects for airplanes and 
guided missiles, aeronautical engineers at 
Boeing find stimulating assignments in 
structural and flight testing, acoustics, 
aerodynamics, vibration, flutter, propul- 
sion and thermodynamic analysis, and 
many other fields. 


Flush antennas will become increas- 
ingly important as planes and missiles 
enter the hypersonic region. They are 
just one example of how, at Boeing, en- 
gineers find challenging and creative 
work, and a chance to be leaders in the 
growth of the engineering art. Because of 
Boeing's steady expansion, the number 
of engineers employed by the firm has 
actually quadrupled during the past ten 
years. And more engineers are needed 
for research, design and production on 
the B-52, the 707 jet transport, the KC- 
135 jet tanker, the BOMARC IM-99 
pilotless interceptor, and on other proj- 
ects which cannot yet be announced. 

Engineers who join Boeing will find, 
in small and tightly knit project teams, 
individual recognition and opportunity 
for professional growth. They will be 
able to pursue advanced studies with 
all tuition costs paid by the company, 
and participate in a liberal retirement 
plan. There may be an opportunity for 


Boeing ‘Aeros’ 


you to work with outstanding men 
in many fields at Boeing. Why not find 
out today? 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. A-55, Seattle 24, Wash. 


R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. A-55, Wichita, Kansas 
If you want further information on the advan- 


tages of a career with Boeing, please send coupon 
to either of the above addresses. 


Name 

College(s) Degree(s) Year(s) _ 
Address 

City Zone State 


Telephone number 


Aviation leadership since 1916 


SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 
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Irving Air Chute Company, Inc. 


Epple, Heinrich Karl, V-P—Engrg. & Ch. Engr. 


Islands, Anderson, Martin, Benson 


Hill, Harry N., Engr. 


Israel Institute of Technology 


Abir, David, Sr. Lecturer in Applied Mech. 

Hanin, Meir, Dept. of Aero. Engrg. 

Shafer, H. Jerome, Sr. Lecturer 

Singer, Josef, Sr. Lecturer, Dept. of Aero. 
Engrg. 


ITE Circuit Breaker Company 


Gardiner, Frank J., Mgr., Engrg. Prod. Sect. 


The Ivy Company 


Kutsay, A. Umit, Ch. Design Engr. 


Jack & Heintz, Inc. 


Eschborn, Ralph J., Ch. Engr. 

Lusk, R. J., Sr. Appl. Engr. 

Ong, Charles M., Mgr., Exp. Labs. 

Papanek, Andrew P., Mgr., Starters, Actuators, 
Ground Equip. Sect. 

*Sulzman, Edmund C., V-P & Gen. Sales Mer. 


Truran, John W. J., Mgr.—Engrg. & Sales 
Webster, Sidney 


Megr., Pacific Coast District 


Jackson & Church 


Chin, Charles, Head, R&D 


The Jam Handy Organization 


Klenke, William H., Jr., Sales Mgr. 


Janney Machine Corporation 


Falk, Adolf C., Pres 


Jarry Hydraulics 


Truran, John W., Exec. Sales Engr. 


Javelin Aircraft Company, 
Incorporated 


Blanton, David D., Pres. & Ch. Engr. 


The Andrew Jergens Company 


Butler, Richard O., Ind. Engr. 


Joseph J. Jerger 


Jerger, Joseph J., Cons. Engr. 


Jessup Engineering Co. 


Jessup, Richard O., Owner 


The Johns Hopkins University 


Bryan, Guy L., Jr., Prof. of Aeronautics & 


Cons. Engr. 

Clauser, Francis H., Chairman, Dept. of Aero- 
nautics 

Corrsin, Stanley, Prof. & Chairman, Mech. 
Engrg. Dept. 

Kovasznay, Leslie S. G., Prof. of Aeronautics 


Lecat, Robert J., Engr. 

Miles, Edward R. C., Research Contract Dir., 
Inst. for Cooperative Research 

Morkovin, Mark V., Research Scientist & 
Lecturer 

Remenyik, Charles J., Research Asst., Aero- 
nautics Dept. 

Wallskog, Harvey A., Assoc. Engr. 

West, Charles D., Assoc Engr. 

Yeh, Hsuan, Assoc. Prof 
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Applied Physics Laboratory, 
Silver Spring, Md. 


Gr. Supvr., Aerodynamics 

Clark, J Assoc. Engr 

Cronvich, Lest , Proj. Supvr., Aerodynamics 

Deslauriers 

Ely, Ray: 

Floyd, J. F. R 
renkiel, I cal & A 
plied M 

Goss, Jack > 

Harri taff Engr 

Hege Supvr. Aerodynamics 

Hill K., Physicist 

Kirk, yward F., Jr., Engr. 

McCarty, Th s A., Assoc. Engr.—Aerody- 
namics 

Mobley, Fr F., Assoc. Engr 

Niles, Charles H., Pr Supvr. 

O’Brien, Vi Ass Physicist 

Ray, James C., Assoc. Staff Engr 

Samburoff, Serge N., Mech. Engr., Sr. Staff 

Walker, Jar Gr. Supvr 

Welanetz, | Frisch, Engr. 


Johns-Manville Sales Corporation 


“Briggs, E. F., Jr., Mear., 


Aviation Industry 
Sect. 


Johnston Cadillac, Inc. 


Johnston, W. S., Pres. 


Jones & Gillies 


Gillies, B. Allison, West Coast Assoc. 


Earle M. Jorgensen Company 


*Schriber, Charles, V-P & Mgr.—Sales 


Joy Manufacturing Company 


Devlin, H 

Axial Flow I 
Herrig, L. Joseph, 
Westell, John R., 


Military Sales Engr.—Smail 
tronic & Aircraft Fans 
Aerodynamicist 


Aerodynamicist 


Kaiser Aluminum & Chemical Sales 


Neal, Thomas E., Service Engr. 


Kaiser Metal Products, Inc. 


Boericke, John J., Jr., Proj. Mgr., Aircraft Div. 
Burns, John J., Jr., Struct. Engr. 

Cudhea, George G., Asst. Megr., Aircraft Div. 
Ogden, Albert S., Ch. Engr. 


The Kaman Aircraft Corporation 


Bibeault, Gerald J., Weight Control Engr. 
Briggs, Emerson C., Stress Analyst 
Ellis, Charles W Ch.—Aerodynamics 
Kaman, Charles H., Pres. & Gen. Mgr. 
Luff, Edward R Test & Devel. Engr. 
Miale, Charles ‘ \erodynamicist 

\., Liaison Engr. 


Pasko, Dor dynamicist 

Tedeschi, | Aerodynamicist 

Velz, George T.. Engr. Rotor Design Gr 
Wells, Edw Proj. Asst. 


Kansas State College 


McCormick, Frank J 
ics 


, Prof. of Applied Mechan- 


The Kawneer Company 
Alyanak, Edw J., Proj. Engr. 
Roehm, Jack M., Dir.—R&D 

Kearfott Company, Inc. 


Beyer, Frederick J., Sales Engr.—Eastern Area 


Brett, John J., Asst. Div. Mgr. 

Harkness, John R., Gen. Mgr., Western Mfg 
Div 

Herbert, fF J Financial V-P 

Perry, M re, Sales Engr., Aircraft 
& Shi; ments 

Reichel, Andre W Dir., Sales & Service 

Reichel, W A., Vice-Chairman, Exec. 
Comm 

Rosenberg, Arnold, Asst. V-P 


Rowland, Arthur E 


, Engrg. Rep., Western Area, 
Pasadena, Cali 
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Smith, Donald W., Pres. 
Stiles, John C., Proj. Engr 
Wallach, Bernard H., Statf Engr 


Keasbey & Mattison Company 


Porter, Robert R., Exec. V-P 


J. A. Keeneth Company 


Keeneth, John Albert, Owner 


Kellett Aircraft Corporation 


Best, Reuben D., Jr., Proj. Eng 
Hovgard, Paul E., V-P 


Jones, James B., Gr. Engr. 


Krause, Philip C., Ch. Aerody1 
Schneck, Curtis E., Ch. Engr 


The M. W. Kellogg Company 


Bunnell, John W., Sr. Area Field Ir 


Rep. 


Kelsey- Wheel 


Div. 


Kelvin & Hughes, Ltd. 


Hughes, Arthur J., Dir. 


Kennedy-Van Saun Corp. 


Derrom, Donald L., Foreign Field Engr 


Kent State University 


Horton, Claude, Aero. Instr. 
Otterson, Peder A., Asst. Prof., Aviation Tech- 
nology 


Kenting Aviation, Limited 
Parkin, Charles A., Ch. Helicopter Pilot 
Unger, Thomas J., *Ch. Check Pil 


Kenyon Enterprises 
Kenyon, Ralph Waldo, Pres. & Dir. of 


Research 


Kenyon Instrument Company 


Ibanez, Henry, Sales Engr 


The Kett Corporation 


Hoey, John P., Aerodynamicist 


Walter Kidde & Company, Inc 


Field, Albert F., District Mer 
*Griffin, C. L., Asst. V-P 

Hobelmann, Alfred H., Asst hai P 
Neigel, Joseph A., Supervisory S I 


Office 
Schmidlin, A. E., Asst. Mgr., R&D Dept 
Shereika, Edmund A., Designer, S: 
Stanton, John R., Sr. Sales E: 
Zeek, Elwood R., Asst. V-P, R&D Dept 


Angeles 


Kiekhaefer Aeromarine Motors 
Corporation 


Probst, Harry C., Asst. Proj. Engr 

Wendt, Robert H., Exec. V-P & Gen. Mer. 
The Kilgen Organ Company 

Kilgen, Eugene R., Pres., Kilgen Aircraft Div. 


Kincaid Engineering Laboratory 


Kincaid, F. M., Jr., Mech. Engr 


Kirk Engineering Company 


Bachman, John 


Aerody namiucist 
Smith, Richard / 


A., ” Stress Engr 


Kirkle 


Floberg 


Kol 


Binnie 
*Carbi 
Dupre 
Haupt 
Hezel, 

Klein, 
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Saslov 
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Kirkland, Fleming, Green, Martin and 
Ellis 


Floberg, John F., Partner 


Klincher Locknut Corporation 


Anderson, James D., Ch. Engr. 


Koehler Aircraft Products Company, 
Inc. 


Schram, John D., Liaison Engr. 


Kolcast Industries Inc. 


Kollsman Instrument Corporation 
Binnie, Alan G., V-P 

*Carbonara, Victor E., Pres. 

Dupre, Francis C. Assembly Supt. 

Hauptman, Frederic, Proj. Engr. 

Hezel, Herman. Proj. Engr. 

Klein, Robert C., Proj. Engr. 

Korda, Eugene J., Chief Designer 
Saslowsky, Morris, Proj. Engr. 

Schaefer, Herbert, Proj. Engr. 


Kolostat Heating Systems, Ltd. 


Billick, Paul G., V-P—Tech. Operations 


Komo Instrument Corporation 


Robertson, Donald R., Proj. Engr. 


The Konet Company 
Konet, Henry, Pres. 
N. V. Koninklijke Nederlandse 
Vliegtuigenfabriek Fokker (Royal 


Netherlands Aircraft Factories 
Fokker) 


van Meerten, H. C., Sub-Dir. Engrg. 


Koppers Company, Inc. 


Aeromaster Fan Department, Metal 
Products Division 


Fedan, Sidney Harold, Mgr. 


Industrial Sound Control Department, 
Metal Products Division 


Callaway, Daniel B., Mgr., Western District 
Cardillicchio, Paul A., Asst. Ch. Engr 

Doyle, Lee Jz ames, Mgr. Aircraft Sales & Engrg. 
*Lemmerman, Carl Walter 

Lemmerman, Richard D., Mgr. 


Korda Industries 
Korda, Eugene J., Pres. 
Kuhn, Loeb & Company 


Knowlton, Hugh, Partner 


Laircraft Company 
Lehr, Thomas A., Pres. 


Lake Air Service, Inc. 


Hannifin, Everett A., Exec. Pilot 


Lamson Aircraft Company 


Lamson, Robert T., Chairman 


Lamson and Sessions 


Sorace, Kenneth J., Ch. Proj. Engr. 


Land-Air, Inc. 

Ackerman, Arnold J., Jr., Design Engr. 

Davies, Nelson S., Production Engr. 

Pinter, Philip N., Data Specialist, SUSNAMTC, 
R.1.D., Pt. Mugu 

Solomon, S. J., Chairman of the Bd. & Pres. 

Langley Corporation 

Laddon, Isaac Machlin, Pres. & Chairman of 
the Board 

Laddon, Machlin B., V-P & Gen. Mgr 

Mandolf, Henry, V-P—Engrg. 


Laskowitz Helicopter Company 


Laskowitz, I. B., Pres. 


C. 1. & S. F. Lathrem 


Lathrem, Charles Ira, Partner 


Lavelle Aircraft Corporation 
*Herzog, Adolph F.. Ch. Engr. & Dir. 


Kiefer, Frank V., Sales Engr. 
Leach Corporation 


Collamore, Frank N., Asst. Ch. 
Engr., Inet-Palmer Div. 


Production 


Lear, Inc. 


Lear, Wm. P., Chairman of the Bd. 
*Mock, Richard M., Pres. 


Aircraft Engineering Division 
Gaskell, Chester W., Jr., Ch. Engr. 
Jensen, Robert M., Aircraft Elec. Systems Engr. 
Kelly, J. Nelson, Gen. Mgr. 


Kuang, Hsiang. Stress Engr. | 
Wagner, Alan R., Personnel Dir. 


Grand Rapids Division 


Abichandani, Krishin P., Aerophysics Engr. 
—. Paul R., Application Engr. & Texas 
ep. 
Haiduck, Andrew F., V-P_& Div. Gen. Mer. 
Hainsworth, Thomas E., Proj. Engr., Flight 
Controls Sect. i 
Krug, Edwin H., Sect. Head, Aerophysics _ 
Lawrence, Alfred N., Mer., Eastern District 
Olinger, Max E., Pilot—Proj. Engr. 
LearCal Division 


Brown, James P., Contracts Mgr., Western 


Area 
Harper, John A., Engr. & Pilot 


Lear-Romec Division 


Andrus, Harold C., V-P & Gen. Mgr. 
Atkinson, Russell S., Sales Mer. 
Rarr, LeRoy H., ie Div. Gen. Mgr. 
Essig, Robt. H., Contracts Engr. 


Lehigh University 
de Neufville, Albert, Asst. Prof. of Mechanics 


Lehman Brothers 


Callery, Francis A., Partner 


The Leland Electric Company 


Pelster, Arthur Frank, 
ucts Sales 


Mer.—Aircraft Prod- 


C. W. Lemmerman, Inc. 


Lemmerman, Carl Walter, Pres. 


R. B. Leonard, Inc. 


Rifkin, Morton S., Ch. Engr. 


Johnston, E. Ralph, Supvr. 
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Lester Equipment Manufacturing 
Company, Inc. 


Wilson, Donald P., Pres. 


Lewis College of Science & 
Technology 


DaRosa, Edmundo A., Dir. of Aviation 


Lewyt Manufacturing Corporation 


Scolaro, Dominick R., Ch. Ind. Engr 


Liberty Products Corporation 
Hauser, George H., V-P 


Librascope, Inc. 


Assembly 


Liljengren Engineering Company 


Liljengren, C. P., Pres. 


Lincoln Seminary 


Brown, Forrest H., Seminary Student 


Link Aviation, Inc. 


Day, Wilbur H., Aerodynamics Supvr. 

Fogarty, Laurence E., Ch. Engr. 

Gale, Lauriston H.. Design Engr. 

Harrison, Lloyd George, Supvr., Standards 
Dept. 

Link, Edwin A., Chairman of the Board 

Mustard, William L., Service Mgr. 

Warden, Harold H., Coml. Sales Mer. 

Williford, E. Allan, Pres. 

Wood, William W., Jr., V-P—Engrg. 


The Liquidometer Corporation 


Becebra, Lawrence, Field Engr. 

Campani, Louis M., Elec. 
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Kelley, James A., Gr. Engr.- ywwer Plant, 
Systems Dept. 
Kelly, Marianne, Tech. Analyst (Engr.) 
Keyes, Franklin M., Wind Tunnel Engr. 
Kilcher, Stanley Martin, Aerodynamicist 
Killoren, Robert A.. Test Engr., Physical Lab 
Kisselburg, Ervin T., Proj. Stress Engr. | 
Kisslinger, Robert L., Engr., Automatic Flight 
Controls 
Knerr, Roger, Design Engr. 
Knupp James J., Engr., Layout & Design 
Kolb, James N., Flight Test_ Engr. : 
Kunznick, Gene A., Flight Simulator Engr. 
Laacke, Frank, Design Engr.—Aerodynamics 


Aerodynamics 


Lahman, Roger Test Engr., Physical Lab 
Lammert, Charles W., Design Eng “ol 

Landgraf, Stanley K., Aerodynamics Gr. Leadet 
Lee, Gerald D., Aero. Engr., Flight Test In 


strumentation J 
Lehmann, Walter B., Devel. Engr., Flutter & 
Vibrations 
Lewis, David S., Mgr. of Sales 
Little, Robert C., Ch. Test Pilot 
Locke, John W., Aerodynamicist | : 
Lovelace, John E., Lead Engr., Airplane Engrg 
Design (Struct.) 
Lubin, Allan L., Design Engr. 
Luetjen, H. H., Loads Aerodynamicist 
Lundberg, John R., Design Engr. 
Lynch, Francis R., Sr. Engr., Lab. : 
Mabie, Edward L., Design Engr., Aircraft 
Struct. 
Maloney, Joseph A., Asst. Ch. Test Engr. 
Malvern, Donald, Ch. Flight Test Engr. 
Mann, Chester D., Tech. Analyst 
Marks, Marvin D., Proj. Flight Test Engr. 
Mayes, James Thom: is, Jr., Gr. Engr. 
McBee, Owen B., Proj. Strength Engr. 
McC arthy, Carlisle J., Aero. Engr., 
Design Dept. 
*McDoennell, Pres. 
McDonnell, Saniord Noyes, 
McElhiney, Robert S., ig 
McFarland, D. C., Design Engr. 
McGough, Wilson N., Aerodynamic Gr. Leade 
McGuire, William V., Extreme Temperature 


Airplane 


Engr 

Mello, John F., Sr. Engr.—Aerodynamicist 

Mengel, William E., Asst. Ch. Physical Test 
Engr. 

Merz, Ernest J., Design Engr. 

Meyer, John H., Ch. of Struct. 

Miller, Leon G., Gr. Design Engr. 

Mills, George S., Engrg. Test Pilot 

Mirowitz, Leo [., Supvr. Aeroelastic Stability 
& Control Gr. 

Mitchell, Myles B., Design Engr. 

Moore, John K., Aerodynamicist 

Mracek, Milo F., Lead Design Engr. 

Muldrow, Erdice B., Proj. Devel. Engr. 

Munroe, Gilbert G., Ch. Weights Engr., Air 
plane Engrg. Div. 

Murray, Emory F., Test Pilot 

Mutchier, Lynn D., Sr. Engr. (Stress) 
vetherton, V. E., Wing Gr. Engr. 

Niemeier, H. Richard, Engr. 

Noell, Orville A. Design Engr. 

North, Gilbert B., Test Pilot 

Norton, Durward Sr. Engr. 

O’Briant, John T., Aerodynz amicist 

O’Brien, Lawrence, Test Engr. 

Osborn, Robert R., Cons. Engr. 

Outman, H. Vernon, Ch. Tech. Engr 

Pandolfi, Tony, Engr., Struct. Evaluation, Physi 
cal Lab. 

Paolini, August M., Test Engr. 

Parke, Darrel B., Proj. Aerodynamicist 

Parks, Bill Wayne, Load Engr. 

Pedersen, Arthur Hall, Ch. Test Engr. 


Weights 


Peller, William N., Design Engr., Airplane 


Engrg. Div. 

Pepping, Ray A., Proj. Devel. Engr. 

Perkins, Kendall, V-P—Engrg. 

Perrin, Louis A., Proj. Admin. Engr. 

Phelan, Dennis Joseph, Aerodynamicist 

Pierce, Neil J., Engr. 

Pittman, Walter D., Sr. Strength Engr.—Stress 
Gr. Supvr. 

Pliske, Daniel R., Test Engr. 

Plotky, David, Test Engr. 

Pochy, Jerry, Sr. Field Serv. Rep., Florida Area 

Polleschultz, C. J., Jr., Gr. Engr. 

Post, Roy J., Design Engr. 

Poterack, Raymond E., Dept. 237 

Prentice, Stephen P., Aerodynamicist 

Procter, George E., Engr., Weights 
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Pruett, R t Struct. Design Engr 
r son & Test Er 
> E., Physical Test ba 
Ch. Struct. Research Eng: 
Struct. Engr. 


> 


Production Engr., Phys 


S nd M., Aerodyr 


is Engr. 
W., Thermodynamics Gr 


I r Test Engr 


r, Supvr Flight Dep 
Engr. 

f Lee, Test Engr 

I Head, A.E.D. Loads Dept 


Engr., Dynamics 
Proj. Admin. Engr 
| Engr 


Samue l 
Sayer, Johr ) 
Schick, Fred. T 
Schier, Jos 


Design Engr. 
Gr. Engr., Struct. Dept 
\erodynamicist 


Engr. 
al Test Ex 


Engr. 


Systems 


lynamics 
R nstrumentation 
| ner., 


S., Lead Engr. 
tronics Engr. 
III, Weight 


| Engr 
Ss Gr Le € » 
Er gr 
Engr 
; Gr. Leader, Struct. Dy 
namics D t 
Werschmi I ( Thermodynamic Engr 
Westermeier, 1 re F., Jr., Engr 
White, Robert W Sr. Design Engr. 
Wilkis, Alan | Fuel Systems Test Engr., 
F-101 Test P Physical Lab. 
Willett, Jack | I Engr. 
Wilson, Robert Stress Analyst 
Wiskirchen, Jos W., Flight Test Data Engr 
Wolfe, Wi Jr., Lead Engr.—Elec. De 
sign 
Wright, ( Design Engr. 
Wulff, H. R 
Yardley, John I I 
Young, Howard W., Jr., Design Eng 
Yount, T. | G Engr. 
Zahn, \ Test Analyst 
Helicopter Division 
Sradley, Fre Is Engr 


Brierton, James Lawrence, Fuselage Gr. Engr. 


Chappell, Davy P., Design Engr., Stress Dept 
Cordani, Eugene J., Struct. Engr. “B” 
Doblhoff, Fr n, Helicopter Ch. Engr 
Engelhardt, I Proj. Gr. Engr. 

Goran, I \ Stress Engr 

Hat Struct. Engr. 

He Gr. Engr.—Thert 


dynamics 
Hohenemser, Kurt H., Ch. of Aerodynamics 
Lentz, Ralph G., Sr. Design Engr., Rotor Gr 
Leader 
Lischer, A ( of Struct 
Ness, Thomas E., Flight Test Engr 
Ostroff, Har I Propulsion Engr. 
Perisho, Clarer H., Dynamics Engr. 
Roever, Frederick H., Proj. Admin. Engr 
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Aerodynamics Gr. Leader 


amics Engr 
Resident Rep., Wash., 


Tech. Analyst, F-101A 


Missile Engineering Division 


Erwin Fred, Ch. Aer Mechanics 


romberg, B. G., Ch. Engr. 
Surnett, Wayne I., Struct. Engr 
t , Thomas, Jr., Proj. Engr 

Edwards, Lawrence K., Proj. Engr 
Flentge. Ralph E.. Designer—Engr 
Long, Lawrence fe Aerodynamicist 
McCormick, John P., Missile Design Ex 
1errill, Robert Dee, Engr., Missi! D 
Kenneth R., Engr.—Aerodynan 
rolf, Robert G., Design Engr. 
r, Myron, Missile Devel. Engr 
Alpheus H., Jr., Aerodyn i 
Merton George, Jr., Admin. Engr 


McGraw-Hill Publishing 


\ David A., Asst. Mz ] 
t Week 

A James C., New York Mer., Aviation 
Erwin J Business Flying Editor, 


Robert H . Assoc Editor 


Sr yder, William M., 
tributor 

Stone, Irving, Assoc. Editor, Aviation Week 

Wood, Edward Roberts, Asst. Editor, ngrg 
News-Record 


Editorial Reader & Dis 


McGregor, Johnson and Malone 


McGregor, John C., Partner, Law Firr 


McLean Development Laboratories, 
Inc. 


Flomenhoft, Hubert I., Head, Stress Analysis 
& Test Gr. 
Mealpack Corporation 


Wymbs, Norman E., Gen. Mgr. 


Meletron Corporation 


, Samoil M., Engrg 
John McCormic 


Test Lab. Supv: 
d, Ge rge A., Pres. 


Tr 


Menasco Manufacturing Company 


Hamilton, Jack Irwin, Gen. Sales Mgr. 
Maltby, Lewis James, Design Engr 
Reid, Robert T., Stress Analyst Engr 


Menier Enterprises 


Menier, Vincent J. 


Mergenthaler Linotype Company 


Perlin, Jordan, Megr., 


Govt. Sales-Service 
Meschino and Associates 


Meschino, Ron G., Owner 


Metal Door & Supply Company 


Ryding, Herbert C., Jr., Owner 


Meteorology Research, Inc 


MacCready, Paul B., Jr., Pres. & | 
Met-L-Wood Corporation 


Allen, John S., Proj. Engr. 


Metropolitan Convoy Corporation 


Troy, Leonard, Fleet Supvr. 


Micro Balancing, Inc. 
Francis, David A., V-P 


I 
Physical Lat 
Rat 
Ray, D Engr 
Recht Py Automat 
Eng 
Re 
Redw 
Reithr 
I 
Richards 
Riddel, 
Riss \ 
Roberts. S 
Rolfe, R 
Romt “Engineering Magazine 
Roth, R 
Rudoff, | 
Design Engr 
Yonald, Flight Test 
mics Ener 
Schillir Systems Engr F 
Schn Jr., Design I 
Schmidt i Test | I 
Schmitt sien Ener 
Schoer Flicht Test Instrumer 
Schur 
Seat, R 
Seifer J 
Shaffe! 
~ Stress Engr 
ht Test Ener 
Flight Test Engr 
Smit W Engr Dynar S 
Smyk thony \erodynar ist 
Stat Yesign Engr 
Stee I Engr 
Steinmet Ch. Aerodvnar 
Stone, ] Engr 
Stoudt plar 
Div 
Sweer Desigr 
Tomar ight Lest Eng 
Forge Sr. Design Engr Moise 
Utseh, A e Asst. Ch. Engr P : 
Vanbers Test Engr Starbird, 
W Proj. Flight Test Eng 
Walitzer. Vi Struct. Ener 
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How come nobody picks on the hummingbird? He's tiny, he’s inoffensive, and he 
spends his time tranquilly fooling around among the flowers while bigger birds 
battle noisily for survival. By rights he ought to be extinct, but he’s left alone because 
he packs a fearsome weapon and knows how fo use it. With his rapier-like beak and 

darting speed, he is feared by would-be intruders as a veritable D’Artagnan of the 

honeysuckle. Until the happy day comes when lions will lie by lambs and predators 

are out of politics, the cause of peace is best served by those equipped to defend it. 

> > We at REPUBLIC take pride in the long roster of accomplishment which Thunder- 
craft have written...such as the Thunderbolt, Thunderjet, Thunderstreak and 
Thunderflash .. . the potential of the new F 103 and F 105 emphasizes again 
the touch of engineering genius and production skills which have long been the 
pride mark of this famed fighter family. 
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Microwave Engineering Company 


Rutherford, Bruce J., Pres. 


Mid-Continent Manufacturing, Inc. 


*Denney, Corwin D., Pres. 


Mid States Armature Works 


Horton, William P., Mgr. 


Middle East Airlines Company, S.A. 


Carayan, George Joseph, Ch. Engr 


Midwest Research Institute 


Goland, Martin, Dir. for Engrg. Sciences 
Thompson, Mason , Proj. Engr. 


Miller Industries Company 


Miller, Herbert F., Owner 


Milo Barbell System 


Jones, Robert L., Mgr. 


Mine Safety Appliances Company 


Kulesz, William G., 
Equip. Sales 

Morse, George L., Product Line Mgr., Oxygen 
Equip. 


Mer.—Velocity Power 


Milton A. Miner & Associates 


Hueg:n, William B., Product Engr. 


Minimax 


Abrams, Leonard S., Owner 


Minneapolis-Honeywell Regulator 
Company 


Aeronautical Division 


Anderson, Edward, Research Proj. E 

Bernard, Win liam ‘. Field Service ; 

Boskovich, Boris, Design Devel. Engr., 
pilots 

Bowden, Roger G., 

Bretoi, Remus N., 

Chase, Thomas W., 

Deden, John T., Sr. 

Eggert, Arthur E., 

Ericson, Donald M., 

Gerrish, David C., Regional Mer. 

Harmon, Hubert N., Proj. Engr. 

Robert O., ‘Asst. Proj. Engr. 

Hoel, Robert A., Proj. Engr., Armament Sect. 

Jones, Arthur L., Sr. Research Engr. 

*Keating, Stephen F., Div. V-P 

Kell, R. J., Design "Engr. 

Kohl, Kenneth Charles, Design Engr. 

Leech, Edward H., Jr., Aero. Test Engr. 

Lemon, D. A., Jr. Field Engr. 

Design 


Auto- 


Devel. Engr., Autopilots 
Research Proj. Supv 
Research |} oj. 
Devel. Engr. 
Service Engr. 


Autopilot- 


Mangan, John G., 
Mellen, David L., 
Mooers, Alden J., Autopilot Proj. Engr. 
Ogren, Helmer H., Design Engr 
Paulson, John A., Jr. Research Engr. 
Paulson, Lee C., Design Engr. 
Penn, James P., Test Engr., Aero. Div. 
Robertson, Burton J., Cons. Engr., Engrg. 
Evaluation Dept. 
Sotanski, Donald H., Field Service Engr. 
Stilley, George Donald, Research Engr. Air- 
craft Dynamics 
Stone, Charles Richard, 
Van Meter, James T., 
Ward, Robert H., Flight Test Engr. 
Wedan, Robert W., Research tet . Engr. 
Whempner, Russell H., Dir., 


Field Service Engr. 
Research Supvr. 


Aircraft Dynamicist 
Research Proj. Engr. 


"Engrg. Dept 


Brown Instruments Division 


Cederborg, Gibson A., Engrg. Writer 
Dougherty, E. Vernon, III, Economics Engr. 


NEERING REV 
Minnesota Mining & Mfg. Co. 


Bergman, E: Mgr., Aircraft Industries Prod 
yw I ts Div. 


Mira Corporation 


Fishbein, Meyer, Pres 


Mississippi State College 


Bryant, G Proj. Engr., Aerophysics 
Dey 

Edwards, Franklit Head, Aero. Engrg. Dept 
& Aero. Engr Rese arch Station 


Hester, Les R Asst. Prof., Aero. Engrg. 


August Head, Aerophysics Dept., 
Res Station 
. Ju search Aerodynamicist, Aero- 
D 


J. C. 


Mitchell, J 


Mitchell & Associates 


Owner 


Mitchell & Bechert 


R Patent Attorney 


Model Products Company 


Jones, Rol en. Mgr. 


Mohawk Airlines, Inc. 


Benscoter, Cat V-P—Operations 
Mozian, | I t 


Mondex Engineering & Sales Ltd. 


Norton, Sign n, Gen. Mgr. & Dir. 


Monte-Copter, Inc. 


Jarvis, Alv V-P, Engrg. 
Joslyn, Wart CI 


Staff Engr. 


H. R. Morash 


Hunter, W Design Engr 


The Morris Company 


McCort E.. Editor in Ch., Tech. 
Publications Div 


F. L. Moseley Co. 


Mosel y, | L.. Owner—Ek Scientit 


Motorola, Inc. 


Campbell, R t Aero. Engr. 


Mount Union College 


r., Science Writing 


R. E. Moyer Associates 


Yurasits, J Design Draftsman 
Multitek 
Anderson, D Adm, Engr. 


The Municipal University of Wichita 


Cook, Everett L., Instr. in Aero. Engrg 


Munitalp Foundation 


Beac 

Crudge, Vernon Grant, Dir. 
Mutual of Omaha 

McGurk, John, Res. V-P 
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Myers Helicopter Company 


Myers, George Francis, Pres 


S. Gunnar Myrbeck & Company 


Dowe, Edward J., Mgr., Prime Contract Sales 


George L. Nankervis Company 


Lees, John R., Engr. 


D. Napier & Son, Limited 


Greenly, Kenneth H., Ch. Engr., Install 


Narmco Industries 


Grimes, David L., V-P & Ger M 


The Nash Engineering Company 


Adams, Harold E., V-P—Engrg 


Nash Research Division, American 
Motors Corporation 


Craves, Roderick, Research Engr 


National Air Transport Coordinating 
Committee 


Rosendahl, Vice Adm. 


Charles Emery, USN 
(Ret.), Exec. Dir. 


National Aircraft Corporation 


el, Reagan C., Pres. 


National Airlines, Inc. 


Addison, James C 
Haideman, George W. 
Phillips, Robert B., 


Manuals 


Aircraft & Oy G Leade 


National Aviation Corporation 


Robinson, Frederick F., Pres. 


National Business Aircraft 
Association, Inc. 


Dubuque, Jean H., Exec. Dir. & Secy 


National Credit Office, Inc. 
*Batchelder, W. C., V-P—Treas 


National Fire Protection Association 
Tryon, George H., III, Asst. Tech. Secy.; and 
Secy., NFPA Committee on Aviation and 
Airport Fire Protection 


National Greek Airlines nee 
los, Alkis N., Proj. Engr 


Engrg. Sect. ) 


rge 


National Lead Titanium Division 


Campbell, Forrest M., Design Draftsn 


National Research Corporation 


Greene, Frederick H., Jr., Devel. Engr 


National Safety Council 


Warzyn, 
tries & Air Transport 


Howard H., Sr. Engr.—Aer Indus: 
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National Shower Manufacturing 
Company 


Taubman, Samuel, Pres. 


The National Supply Company 


Tauson, Peter, Research Engr. 


National Union Fire Insurance 
Company 


French, Charles E., Jr., Claims Supt 


National Water Lift Company 


Willis, C. E.. V-P & Gen. Mer. 


NATO 


Driscoll, Col. John J., USAF, Air Force Mem- 
ber, Mutual Weapons Development Team, 
U.S. Mission to NATO, Paris 

Schuld, Comdr. Emil >. Exec., Flight Test 
Panel, AGARD, Paris, France 

Van Zandt, Parker, Dep. Ch., 
duction Sect. 

Von Theodore, Chairman, 

Wattendorf, Frank L., Dir., AGAR 


Aircraft Pro- 


ARD 


The New England Industries, Inc. 


Beeching, Sidney Reginald, Plant Mer. 


Carl S. Newman 


Newman, Carl S., Prop. 


New Mexico College of Agriculture 
& Mechanic Arts 


Creech. Merl D., Assoc. Prof., Mech. Engrg 


New Process Gear Corporation 


Barson, Zelmar, Ch. Test Engr 


The New York Air Brake Company 


Edwards, Craig, Mgr., West Coast Office 
Laird, A. Wilson, V-P—Govt. Relations 


New York Airways, Inc. 


Brock, Horace, Exec. V-P 
Semor, John Lawson, Jr., Chairman of Bd. 


New York University 


Becker, Herbert, Engrg. Scientist, Research Div. 
—. Joseph L., Engrg. Scientist, Research 


De a Daniel F., Grad. Asst., Aero. Engrg. 
_Dept., Coll. of Engrg. 
Filler, Lewis, Instr., Dept. 
Coll. of Engrg. 

Gerard, George, Asst. Dir., Research Div., Coll. 
of Engrg 
Gilbert, Arthur C., Engr. Research Assoc., Re 
search Div. 

Goldberg, Leon, Grad. Student 
fall, Newman A., Asst. Dean, Grad. Div., 
Coll. of Engrg. 

Hatcher, Rear Adm. Robert S., USN (Ret.), 
Chairman, Dept. of Aero. Engrg. & Dir., 
Guggenheim School of Aeronautics 
Kramer, Herbert, Student, i of Engrg. 
Landis, Fred, Asst. Prof. of Mech. Engrg. 

Lane, Frank, Research Assoc. Prof. of Aero. 
ngrg. 

Radhakrishnan, S., Grad. Student 
Reiss, Edward L., Research Assoc., Inst. of 
Mathematic al Sciences 


of Aero. Engrg., 


Shaffer, Bernard W., Assoc. Prof. of Mech 
Engrg. 
Spaulding, Roland H., Prof. in Education, 


School of Education 
—, Gordon H., Prof. of Aero. Engrg., Coll. 
ngrg 
Teichmann, Frederick K., Asst. Dean, Day Div., 
College of Engrg. 
accaro, Robert J., Assoc. Engrg. Scientist 
Zove, Philip, Research Asst. & paces Fellow, 
Dent. 0 Aeronautics, Coll. of Engrg 


Newark College of Engineering 


Vance, Harold C., Jr., Instr., Mech. Engrg. 


Niles-Bement-Pond Company 


Deeds, Charles W., Chairman of the Bd. 


Norcan, Limited 


McNaughton, Andrew R. L., Pres. 


Norden-Ketay Corporation 


Brunale, Vito Tohn, Engrg. Designer 

Cregut, Peter, West Coast Rep. 

Greenwood, Ernest J. A., -. Gen. Megr., In- 
strument & Systems Div. 

Guyton, Boone T., Mgr., Govt. Sales & Serv. 

Meyers, A. Howard, Design Engr. 

*Rudman, Herman J., Sales Promotion Mer. 


Gyromechanisms Division 


Barkalow, Clare E. 

Benson, Robert M. 

Coulbourn, William C., Sales, Contracts Mgr. 
Danforth, Theodore N. 

Jorch, William, Production Mgr. 
Quermann, T. R. 


Norden Laboratories Division 


Helweg, Paul F., Admin. Engr. 
Salmon, Benjamin T., West Coast Rep. 


S. G. Nordlinger 


Nordlinger, S. G., Consulting Engr. 


Norman Engineering Company 


Noble, John D., Ch. Draftsman 


Norsk Flyindustri A/S 


Aasen, Leiv Bjdérn, Ch. of Maint. 
North American Aviation, Inc. 


Atomics International Division 


Olson, Robert L., Supt., Mfg. & Devel. 


Autonetics Division 
Bellflower, Calif. 


Eyestong, S. Frederick, Ch., 
Sect. 

Harding, George A., Engr. 

Parker, Norman F., Asst. Ch. Engr. 

Zemansky, Stanley D., Asst. to Gen. Mgr. 


Guidance Engrg. 


Columbus Division 


A’Harrah, Ralph C., Engr. 

Allen, G. Merrill, Gr. Engr.—Struct. 
Anderson, Richard W., Struct. Engr. 

Antonios, Anthony V., Service Engr. 

Aurand, Harold L., Sr. Engr.—Research 
Barenow, Richard Engr.—Weights 

Bazell, Glenn E., Struct. Engr. 

Beals, Vaughn, Supvr., Dynamics 

Beckett, Harry I., Flight Test Instrumentation 


Engr. 
Bell, Charles W., Engr., Design Fuel Systems, 
Hydraulics, Pneumatics 
Bell, M. W. Jack, Engr 
Test & Devel. 
Benson, Stuart J., Aerodyns amics Engr. 
Berger, Richard E., Sr. Engr., Research 
~~ Paul E., Design Engr., Prelim. Design 


Blair, Morgan M., Ch. Aerodynamicist 

Bowman, Willis r. Engr., Aerody- 
namics 

Butterworth, Wesley T., Ch. Tech. Engr. 

Cafarella, Frank Joseph, Engrg. Aerodynamics 

Chambers, Edward A., Aerodynamicist 

Class, Philip L., Engr., Aerodynamics, Prelim. 
Design Gr. 

Clemens, Frederick J., 

Curtin, Daniel C., Weight Engr 

Davies, Walter M., Armament Gr. Leader 

DeGroote, Raymond S., Design Engr. 

Detrick, Donald D., Design Engr., Flight Test 
Instrumentation Gr. 


., Design Power Plant 


Engr.—Design 
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Geo. A., Design Engr., 
Flight Test Instrumentation 

Elliott, Don W., Design Engr. 

Foster, Alfred i. Aero. Engr.; Aerodynamicist 

Frohoff, William i., Je., Se. Struct. Engr. 

Front, John Wig Aero. Engr.—Aeordynamics 

Gallant, C. J., V-P—Gen. Mgr. 

Gehring, Richard W., Struct. Engr. 

Gehrkens, George Raymond, Div. Ch. Engr. 

Gilbert, Donald D., Specialist, Engrg. Training 

Goldstein, Sid, Engr.—Aerodynamics 

Hackman, Lloyd E., Struct. Engr. 

“oo John W.. Struct. Specialist, 
Yept 

iowa, David Bryant, Aerodynamicist Engr. 

Hawk, Robert James, Struct. Engr. 

Heberding, Harold E., Controls Engrg. Gr. 

Leader 

Heninger, Robert E., Engr.—Struct. 

Hewitt, Robert P., Engr.—Struct. 

Hewitt, Victor D., Engr.—Aerodynamicist 

Hobbs, Ernest W., Flight Test Engr. 

Holmes, Donald A., Engrg. Gr. Leader, Mate 
rial Review—Struct. 
Holtz, Tobenette, Engr. 
Howells, Frederick W., 

cialist 
Huth, George H., Struct. Engr. 
Iacovo, Joseph F., Engr.—Struct. 
Jaremenko, Igor M., Jr. Engr.—Design 
Jordan, Paul K., Sr. Struct. Engr. 


Engrg. 


Engrg. 


Aerodynamics 
Engrg. Research Spe- 


Kallal, George W., Sr. Engr., Power Plant 
Devel. 
Edward R., Engr. Thermodynamicist 


Kensinger, Robert S., Enegr., Struct. 

Kern, Richard J., Engr.- Design 

Koselka, William J., Aero. Engr. 

Laidlaw, William R., Gr. Leader, Dynamics 

Larson, Richard Erick, Design Engr., Hydraulic, 
Pneumatic, Oxygen & Pressurant Sys. 

Laymon, William A., Aerodynamicist, 
Design Dept. 

Lays, Edward J., Sr. Aerodynamics Engr. 

Leich, Harvey A., Design Specialist 

Little, Frank K., Thermodynamicist 

Mandell, Donald S., Aerodynamicist 

Marshall, Peter L., Aerodynamics Proj. Supvr. 

Marty, John L., Weight Engr. 

Martz, John I Aerodynamicist 

McClintock, Robert, Engr.—Struct. 

MeNelis, John E., Flight Test Engr. 

Meyer, William J, Service Engr 

Mordoff, Richard A., Jr., Instrumentation Engr. 

Morgan, William c ‘Sr. Weight Control Engr. 

Nagel, Felix E., Dynamics Engr. 

Naras, Richard J., Design Engr. 

Overbey, James T., Gr. Leader, Military Opera- 
tions Analysis Gr. 

Pavlosky, James E., Thermodynamicist 

Payne, Richard G., Sr. Manuf. Engr., Ind. 
Engrg. Dept. 

Plasterer, Donald C., Jr. Engr., Struct. 
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NOW! AUTOMATIC NAVIGATION 
FOR GLOBAL JET FLIGHT 


An advanced system of aerial navigation, with 
the speed and precision demanded by high 
speed jet flight, has been developed by Ryan 
under sponsorship of the Navy’s Bureau of 
Aeronautics. Using continuous-wave radar, in 
which Ryan is a recognized leader, the Ryan 
AN/APN-67 navigator will enable fast-flying 
military planes and future commercial jetliners 
to travel to any point on the earth’s surface 
with new accuracy and speed. 


Instantaneous in operation, the Ryan navigator 
gives the pilot his position (latitude and longi- 


tude), ground speed, ground mileage, drift 
angle and ground track in continuous, readable 
form. No computations are necessary. The 
equipment is compact and self-contained. No 
ground facilities are employed—no wind infor- 
mation or aerological data are needed. 


This significant contribution to jet navigation 
is typical of the work which Ryan and the mili- 
tary services are accomplishing in other fields 
of electronics research such as supersonic mis- 
sile guidance for the Air Force and helicopter 
hovering devices for the Navy. 


Electronics engineers will find a challenging future with outstanding opportunities at Ryan 


With a background of 33 years experience in aviation, Ryan excels 
in designing and producing high quality aircraft, power plants 


and avionics, built at low cost, delivered on time. 
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Polowniak, Emil A., Sales Engr. 


Service Technique Militaire 


Greinacher, Richard, Sect. Ch., Aviation 


Servomechanisms, Inc. 


Hansen, Harold S., Engr. 
Hartley, Croydon H., Foreign Activities Dir 
Knapp, George P., Ch. Engr. 

Larsen, Harold R., V-P & Gen. Mgr 
Lindberg, Robert E., Liaison Engr. 
Lohneiss, William H., Sr. Engr.—Staff E1 


Gr. 
Walter, Maurice A., Proj. Engr 


Servomechanisms (Canada) Ltd. 


Hartley, Croydon H., Pres. 


Shakeproof Division of Illinois Too! 
Works 


Boyd, Thomas R., Proj. Engr. 
Poupitch, O. Jules, Dir. of Research 


Shand & Jurs Company 


Wizansky, Dan, Research Engr 


Shaw Metal Products Corporation 


Shaw, Francis, Pres. 


Shell Development Company 


Cattaneo, Dr. Alfred G., Head, Fuels & Lubri- 
cants Engrg. Dept. 
Doughty, Donald L., Engr. 


Gershinowitz, Harold, Pres. 


Shell Oil Company 


Adamson, Robert M., West Coast Aviation Mgr 

Bransford, Carroll K., Sr. Engr., Products 
Application Dept. 

Culbertson, Albert B., Mgr. 

Doolittle, James H., V-P 

Freeman, Julien W., Head Office Rep., Aviation 
Dept. 

Hamon, A. J. M., Div. Aviation Mgr. 

Harris, Darrol N., Special Engr 

"Harris, J. S., Mgr., Aviation Dept 

Harvey, Hugh, Aviation Supvr. 

— Willard S., Jr., Tech. Rep., 


Pr onl Fred M., Div. Aviation Mgr. 
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Shell Petroleum Company, Ltd. 


Bass, Ernest Leon, Ch. Engr. & Tech. Mgr. 
Aviation Dept. 


Shelly Associates, Inc. 


rren, Robert W., V-P, Engrg. 
Voigt, Richard A., Engr. 


Sheridan-Gray, Inc. 


Gray, Landon R., V-P & Gen. Mgr. 


Short Brothers & Harland, Ltd. 
Conway, Hugh G., Dir. & Ch. Engr 
Foody, James Joseph, Ch. Mathematician 

Edward S. Sievers 


Parker, Willard W., Sales Engr. 
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Simina/Intair Ltd. 


Meeus, Frédéric L. M., Pres. 


Simmonds Aerocessories, Inc. 


Boom, William Eliza, European Rep. 
*Enyart, William R., Pres. 
Frantz, William, Mer., Hydro-Mech. Dept. 
Grabowski, George J., Mgr., Safety Devices 
Dept 

Sinclair Refining Company 
Bixler, Donald S., Mgr.—Aviation Sales 
Larson, C. M., Ch. Cons. Engr. 

Skydyne, Inc. 

Mautner, Steven E., Ch. Engr.—V-P 
Weill, Melville K., Pres. 


Slick Airways, Inc. 


Smith, James H., Jr., Dir. 


Slocum Publishing Company 


Benedict, John Theodore, Engrg. Editor, Auto- 
motive News 


A. O. Smith Corporation 


Eales, Edward P., Struct. Gr. Supvr., 
Components Div. 

Moskovics, Frederick E., Ind. Cons 

Vickerman, Harold E., Proj. Engr. 


Airframe 


Smith, Barney & Company 


Harding, Wm. Barclay, Partner 


L. B. Smith Aircraft Corporation 


Scheuplein, Carl _R., Proj. Engr. 
Thomas, Edwin L., Dir. of Engrg. 


Smith-Morris Company 


Kelly, Thomas N., V-P & Ch. Engr. 


Smiths Aircraft Instruments 


Moss, Eric Beecroft, Tech. Dir. 


Snap-Tite, Inc. 


Hagger, George F., Dir. of Engrg. 


Lee Grant Snyder Company 


Snyder, Lee Grant, Manufacturers Rep. 


Societe Avialex 


Richez, Pierre, Dir. Commercial—Ing 


Societe de Modernisation Industrielle 


Beauvais, Robert, Mgr. 


Societe Messier 
Lucien, René, Pres. and Tech. Dir. 


Societe Nationale de Constructions 
Aeronautiques du Sud-Est 


Lecarme, Jacques, Test Pilot 


Societe Nationale de Constructions 
Aeronautiques du Sud-Ouest 


Cornillon, Jacques, US Tech. Rep. 


Society of Automotive Engineers, 
Inc. 


Stoner, M Mgr.—Aero. Dept. 
Warner, John A . C., Secy. and Gen. Mgr. 


Socony Mobil Oil Company, Inc. 


Miller, Edwin F., Coordinator, Fuels, Socony 
Mobil Lab. 

*Mount, Wilbur S., Mgr., Aviation Dept. 

Pusack, George W., Staff Engr. , Gasoline & Fuel 
Oil Dept. 


Smith, Allen E., Ch. Engr. 


Solar Aircraft Company 
Des Moines, Iowa 


Black, Alexander, V-P, Dir., & Mgr. 
Schnaubelt, Norbert C., Field Service Rep. 


San Diego, Calif. 
Antoniak, Charles, Tech. Dir. 
L., Staff Engr. 
Grey, Ra E.. oe Exp. Engr. 
Klauber, Philip M. Ch. Adm. Engr. 
Pitt, Paul Arthur, Ch. Engr 
*Price, Edmund T., 5 el of the Bd. 
Stone, Grant B., Mer., Western Dist. 
Wosika, Leon Rice, Sr. Staff Engr. 


South African Airways 


Vialls, A. O. M., Asst. Engr.—Aero. 


Southern Airways, Inc. 
Hulse, Frank W., Pres. 


Southern Bell Telephone & Telegraph 
Company 


Stockstill, Charles J., Jr. Engr. 


Southern Methodist University 


Teasdale, Arthur Robert, Jr., Engrg. Grad. Staff 


Southwest Products Company 


Hackman, K. V., Pres. 


Southwest Research Institute 


Abramson, H. Norman, Mgr., Dept. of Engrg. 
Mechanics 

Goland, Martin, V-P | 

Moffitt, John V., Proj. 
Lubricants b. 

Ransleben, Guido E., Jr., Research Engr. 


Engr., Gas Turbine 


Southwestern Industries, Inc. 
Jenks, Frederick P., Pres. 


Southwestern Louisiana Institute 
Chieri, Pericle A., Prof. & Head, Dept. of 
Mech. Engrg. 
Ted Spangenberg Company 


Ashraf, Mohmmed Akbar, Engr. 


Spartan Air Services 


Law, W., Ground Operations Supvr. 


Sparton Electronics 


Breed, Carl H., Sr. Proj. Engr. 
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R. Dixon Speas 


*Speas, R. Dixon, Aviation Cons. 


Specialties, Inc. 


Fieldgate, Ivan O., Asst. Dir. 
Gwathmey, Edward S., Dir. 
McClellan, Stephen a Pres. 
Sutton, Robert i. Pacific Coast Rep. 
Thomas, Edward U., Elec. Engr. 


of Research 
of Research 


Sperry Products, Inc. 
Sperry, Elmer A., Jr., V-P & Treas. 


Sperry Rand Corporation 


Bassett, Preston R., Cons. 
Lea, Robert B., Coordinator of Exports 
Vickers, Harry F., Pres. 


Ford Instrument Company 


Coulson, A. Sales Mgr. 
a Bernard, Engr.-Writer, Publications 
ept 


McKenney, Henry F., Ch. Engr. 
van Gelder, Cornelius A., Liaison Engr. 
Weber, William F., Mgr., Army Contracts 


Sperry Farragut Company 
Meade, Carl B., Sect. Foreman Tech. 


Sperry Gyroscope Company 


Anderson, E. N., Application Engineer—Bomb- 
ing Systems 

Athen, Adolph John, Proj. Engr. 

Beers, Max I., Engrg. Dir., _— & Missile 
Dept. 

Benneck, Conbert Hans, Field Engr. 

Berler, Irving, Engrg. Sect. Head—Special 
Projects 

Bostwick, Herbert C., Mgr., Aero. Equipment 

iv. 

Brannin, Richard S., Dir., Research & Ad- 
vanced Devel., Aero. Equip. Div. 

Brooks, William N., Jr., Sr. Engr., Flight In- 
strument Dept. 

Brown, Gerald »., Sect. Head for Maint., Flight 
Research Dept. 

Brown, Ralph W., Public Info. Rep. 

Burdick, Clinton D., Engrg. Sect. Head 

Campbell, Francis S., Field Engr. 

Carter, Leslie F., Special Devel. Engr. 

Clement, W arren F., Engr., Advanced Devel., 
Aero. Equip. Div. 

Conace, Frank, Sales Mgr., Aero. Equip. Div. 

Darsey, George E., Sales Rep. 

Davis, Robert A., ’Sr. Engr. 

Deutsch, Richard’ A., Engr. 

Evans, George Dorsey, on. Sect. Head 

Falkenstrom, Edward, Field Engrg. Supvr. 

Fleisig, Ross, Engrg. Sect. Head 

Foster, Jack E., Test Pilot 

Fourney, David R., Sales ‘Sia 

Fox, Jack L., Assoc. Engr 

Fragola, Caesar F., "Dept. Head, Instru- 
ment Systems Engrg 

Frische, Carl A., vee Operations 

Ganz, Leonard 5. Engr. 

Geller, Edward S., Assoc. Eng 

Gold, Theodore, Engrg. Sect. , Flight Test 
Analysis 

Greene, Frank L., Assoc. Engr. 

Greer, Ralph T., Asst. District Mgr., South- 
western District Office 

Halperin, Herbert H., a Engr. 

Halpert, Percy, Ch. Engr., Aero. Equip. Div. 

Hasty. Paul L., Supt.—Field Serv., Repair 


ep 
Haskell, Nelson J., Sr. Engr 
Heydon, Douglas Allyn, mee , Missile Weapons 
System Dept. 
ee 3 Lyndsey J., Dept. Head, Field Service 


Hollister, Harold H., Barts Area Supvr. 

*Holschuh, Carl G., Exec. V-P & Gen. Mgr. 

Joseph, Franklin H., Policy & Planning Supvr. 

Kanner, Martin, Assoc. Engr. 

Kaufman, Lawrence, Engrg. Sect. Head 

Keller, Charles L., Aerodynamicist 

Kellogg, Spencer, II, Asst. Ch. Engr.—Aero. 
Equip. Div. 

Kimmey, J. W., Sales Serv. Supt. 

Kleinman, Joseph M., Tech. Writing Supvr., 
Aero. Equip. Div. 

Knowles, Richard C., Engr.—Sect. Head for 
Mech. Design 

Koeppel, Samuel S., Publications Engr., Aero. 
Equip. Div. 

Lange, Donald E., Ch. Pilot, Flight Research 

ept. 
Lawrence, William L., Field Engr. 
Lazar, Edward F., Dir., Federal Dept. 


Ltd. 
Lid. 
ech. Mgr 
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Lincoln, David C., Engrg. Dept. Head 

Lober, George W., Sales Mgr., Microwave Elec- 
tronics Div. 

Matava, Stephen J., Engr. 

McAtee, William C., Field Engr. 

Netf, LeRoy W., Proj. Engr. 

Nesbitt, F. Glen, Asst. Sales Mgr., Aero. Equip 
Div. 

Oestreich, Charles E., Engr. 

Osder, Stephen S. Sr. Engr., New Flight Con- 
trols Dept. 

Pantason, Paul, Engr. 

Peress, Kenneth E., Engr. 

Petersen, Norman 7: Engr. 

Pine, Cecil C., Engrg. Sect. Head for Flight 
Test, Flight "Research Dept. 

Potter, Edwin F., Jr., Flight Test 
Engr. 

Randell, Orson B., Engrg. Dept. Head 

Roe, Robert B., Engrg. Dir.—Flight Research 

Rouzee, Geoge M.. Sales Mer., Special Missile 
Systems 

Sauer, Robert, Sr. Engr. ; 

Seels. Henry Frank, Field Serv. Engrg. Supt. 

Shapiro, Henry L., Systems Engr. 

Sheehan, William F., Engrg. Sect. Head, 
NAMTC, Pt. Mugu 

Snodgrass, Reuben P., Head—-Flight Research 

= rg. D ept. 

an M., Jr., Sr. Flight Test Engr., 
cht Research Dept. 

Sparling, Eric C., Secy. & Asst. to Gen. Mgr. 

Staros, Basil, Engrg. Sect. Head—System 
Analysis 

Steuer, Richard G., Proj. Engr., Flight Control 
Dept. 

Story, Philip C., Sr., Engrg. Sect. Head—Guid- 
ance Systems Dept. 

Strihafka, Louis F., Proj. Engr. 

Swisher, Leon N., NW Dist. Mer., 
Wash. 

Treffeisen, Donal R., Engr. 


Analysis 


Seattle, 
Advanced Devel. 


Warren, Henry W., Rep., Air Systems Dept. 

Webel, Lewis, Aero. Sales Engr. 

Weckel. Arthur R., V-P & Mer., 
sile Systems Div. 

Westerback, Ivar S., Engr. 

Wheeler, James W., Dir., Instrument Engrg. 

Whittle, Donald A., Field Engr. 

Wies, George A., Sales Engr., Aero. Dept. 

Willis, Paul Anthony, Systems & Flight Test 


Special Mis- 


Ener. 
Wills, Bruce P., Field Service Engr. 
Winter, Norman L., Gen. Sales Mer. 
Wright, Gerald B., Mer. Hustler Systems Dept. 
Zupanick, Joseph E., Engrg. Sect. Head, Re- 
search & Advanced Devel. 


Sperry Gyroscope Company of Canada, 
Ltd. 


King, B. Wensley, Managing Dir. 


Wright Machinery Company 


Esval, Orland E., V-P & Ch. Engr. 


Spiral-Glas Pipe Company 
de Ganahl, Carl, Proprietor 


Spriesch Tool & Manufacturing 
Company, Inc. 


Cheney, Joseph J., Pres. & Treas. 
Square D Company 


Magin, F. W., Pres. 


Stainless Steel Products 


Brant, Donald A., Layout Draftsman 


Stalker Development Company 
Clarke, D. J., Ch. Engr. 
Stalker, Edward A., Pres. & Gen. Mgr. 
Stamford Electronics Company 


Slonim, J. A., Pres. 


Standard Oil Company of California 


“Bradley, Richard Frank, Mgr., Aviation Div. 
Wimberly, Donald C., Asst. Megr., Aviation 
Div.. Wholesale Sales Dept. 


Standard Oil Company (Indiana) 


*Barnard, D. | Research Dept. 


Standard Products Company 


Cary, Beecher B., Dir. of Engrg. & Research 


Standard Tube & T. I., Inc. 


Gerig, Roland, Design & Devel. Engr. 


Stanford Research Institute 


Benedict, Donald L., Dir. of Research, Physical 
Sciences Div 

Ellis, Alle: R.. Mer., Antenna Lab. 

Granger, John V. N., Asst. Dir., Engrg. Re- 
search 

Hayes, George Thomas, Mgr., Wash. Office 


Hutchison, Da H Asst. to Dir., Physical 
Sciences Div 
Low, Lawrer Sr. Research Engr. 


Stanford University 


Flugge-Lotz, Irmga 
Goodier, J. N., Pr 
Happ, William D.. 


, Lecturer in Mech. Engrg. 
ec 
Student, Grad. School of 


Business 
Kline, Stephen J., Asst. Prof. of Mech. Engr. 
Nanevicz, St y J., Grad. Student 


Niles, Alfred. S., Prof. of Aero. Engrg. 

Reid, Elliott G., Prof. of Aerodynamics, Gug- 
genheim Aero. Lab 

Schwartzman, Lenwood Kent, Student 


Timoshenko, §., 


Stanley Aviation Corporation 


Frost, Richard H., V-P & Plant Mgr 
Div. 

Matheis, Charles wv Sr. Stress Engr 

Price, R. All Sales & Service 


Denver 


Stanpat Company 


Maas, Stanley, I 


res. & Ch. Engr. 


State College of Washington 


Barlow, How 
nology 


Institute of Tech- 


State Street Trust Company 


Eastman, Ralph M., V-P—Public Relations 


Statham Laboratories 


DiGiovanni, Mario, Ch. Engr. 


The Steel Improvement & Forge 
Company 
McGinty, Douglas T., Asst. to Pres 


Smith, Charles H., Jr. Pres. 
Zimmerman, H. Arthur, Gen. Sales Mgr 


Tool Works 


Stephens, William Cc, Ch. Design Engr., Verti- 
cal Take Of ‘Div 


Stevens Institute of Technology 


Davidson, Kenneth S. M., Dir., Exp. Towing 

Erdoss, B. K., Prof. of Fluid Dynamics; Dir., 
Fluid Dynamics Lab. 

Hugli, Wilfred C., Jr., Asst. Dir., Exp. Towing 
Tank 


Research Prof., 
Murray, Allan B., Asst. 


Dir.— Exp. 
Tank 


Odenbrett, Clayton L., Asst. Research Engr 
Exp. Towing T ank 

Williams, Sa 1 C., Assoc. Prof. of Ind. 
engrg., Dept. of Economics 


Korvin-Kroukovsky, 


Boris V., 
Exp. Tank 


Towing 
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F. S. Stewart Associates 


Stewart, Francis S., Chem. Engr., Dir 


Stewart-Warner Corporation 


Rader, Stanley T., Sales Rep. 


Stratford Machine Company 


Connelly, J. Fred, Treas. 


Strato Engineering Company 
Kaplan, Abraham M., Pres. 


Stratoflex of Canada, Inc. 


Preston, T. G., V-P & Gen. Mar. 


Ray A. Strother & Associates, Inc. 


Strother, Ray A., Pres. 


Stroukoff Aircraft Corporation 


Anchutin, Andrew, Staff Engr. 

Dal Farra, Ilvio, Stress Analyst 

Ferrara, Caesar L., Sr. Engr.—Struct., Vibra 
tions Gr. 

en, Robert, Vibration Gr 
ing, Capt. John W., USN 
ly Exec. Engr. 

Kipin, George, Engrg. Gr. Leader—Struct 

Marschner, Walter K., Gr. Engr., Liaison 
Engrg. 

McDavit, John W.. Jr., Sr. Tool Planning Engr 

Moszer, Sidney, Stress Engr 

Rogalski, S. W., Ch. of Aerodynamics 

Seredinsky, Vladimir, Engr.—-Gr. Leader 

Stowe, Lewis Asst. Ch. Engr 

*Stroukoff, Michael, Pres., Ch. Engt 


Leader 
(Ret.), Asst. t 


Structural Fibers 


Randolph, Donald W., Pres 


Studebaker-Packard Corporation 


Drury, Edward A., Sect. Head U r 
Heat Exchanger Sect., Gas i Devel 
Engrg. Dept., Govt. & Ind. Pri Ps ucts Div 

Rodgers, O. E.. Asst. Gen. Mer.. Govt. & Ind 
Products Div. 

Thompson, A. Stanley, Engr 

Walch, Howard C., Proj. Engr., 


Aircraft Div 


Sugg-Solar, Ltd. 
Dykes, Christopher, Dir. 


Sumitomo Metal Industries, Ltd. 

Yanaguchi, 
Propeller Dept. 

Summers Gyroscope Company 


Becker, Charles Z., Application Engr 
*Brubaker, John W., V-P, Eng 
H., 


Feltman, C. Jr., nt Devel 
Sect. 
Light, Edward C., V-P, Research & Quality 

Div. 


Ruffin, M. B., V-P—Sales 


Sun Electric Corporation 
Doyle, Joseph A., V-P, Aero. Di 


Sun Oil Company 


Liddell, George J., Tech. Asst. to Mgr 


Sunbury Daily Item 


Dewart, Lewis, 1V, Production Mer 


Sundstrand Machine Tool Company 
Sundstrand Aviation Division 


Ball, Richard H., Proj. Engr 
Camlin, John H., Western Dist. Me 
Sadler, Carl L., Jr., Mgr 


Shigeyoshi, Ch.. Deve Engrg., 
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Superior Tube Company 


Gabel, S. L., Founder & Admin. Cons. 


Surface Checking Gage Company 


Broadston, James Andrew, Partner & Ch. Engr. 


Surface Combustion Corp. 


Slaughter, J. D., Proj. Engr., Aircraft Div 


Sverdrup & Parcel, Inc. 


Frazer, Alson C., Sr. Aerodynamic Engr. 

McDonough, C. F., Aerodynamicist, 
Engrg. Planning Sect. 

Noyes, John, Jr., Proj. Engr. 

Richter, Harold C., Asst. Proj. Engr., AED( 
Propulsion Wind Tunnel 

Wenzinger, Carl J., Ch., Aero. Dept 


Prelim 


Swiss Air Transport Company, Ltd. 
Baltensweiler, Armin, Deputy V-P 
Schulthess, Heiner P., Tech. Rep. 

Sylvania Electric Products 
Child, E. Rushmore, Engrg. 


tronic Systems Div. 
Hahn, Stuart H., Engrg. Specialist, Electronic 


Specialist, Elec 


McCaul, John N., Sales Engr. 


Missile Systems Laboratory 


atrick, Mary <A., Struct. Engr. 

y, William C., Engr. 

, Peter M., Sr. Engr. 

Price, Donald H., Advanced Research Engr. 
Schlieben. Ernest W., Mgr., Devel. Planning 
Vachss, Raymond, Missiles Sect. Head 


Syracuse University 


Beracla y. Martin E., Prof. of Aero. Engrg 
Cady, Joceph George, Instr. in Aero. En 
Eskinazi, Salamon, Assoc. Prof.—Mech. 
Dept 

Rogers, Charles E., Grad. Asst., Mech. Engrg 
Dept. 


Engrg. 


Systems Research Corporation 


Charyk, Joseph Vincent, V-P & Dir., Aero 
physics & Propulsion Div. 


Walker, Kelsey. Jr., Staff Member —Aerophysics 


Tactair, Inc. 


Harcum, William M., Research Engr. 


Taleo Engineering Company, Inc. 


Danyow, Sidney E., 


Energ. Rep., 


Taller & Cooper, Incorporated 


per, Benjamin, Pres. & Gen. Mgr. 


Tammen & Denison, Inc. 
Scoledes, Aristotle G. M., Sr. 

cist 
Task 


Berg, Carl 


Jr. cy. 
Ward, Elmer & Tech. Dir. 


Tecfab, Inc. 
Berliner, Henry A., Pres. 
TECHNA Industrial Engineering 
Company 


Hochfeld, Henry, Cons. Engr. 


Dayton Office 


Analyst & Physi- 


Technical Design & Development 
Company 


Strong, Clinton S., Pres. 


Technical Development Company 


Botstiber, Dietrich W., Pres. 


Technical University of 
Braunschweig, Germany 


Schlichting, Hermann, Prof. of Fluid Mech. 


Technical University of Istanbul 


Demirguc, Ali_ Zubeyir, Asst. Prof. 
Combustion Engines 
Muftuoglu, Osman Saffet, Research Asst 


Internal 


Technicolor, Inc. 


Nelles, Maurice, Dir. of Diversification & Re- 
search Devel. 


The Technicon Company 


Isreeli, Jack, Ch. Engr. 


Technische Hochschule, Aachen, 
Germany 


Schultz-Grunow, Fritz, Ord. Prof. of Mech. 


Technographic Publications 


Salkin, Lester H., Tech. Publications Engr. 


Telecomputing Corporation 


Dickinson, H. B., V-P & Treas. 
Weaver, John H., V-P 


Teleflex, Inc. 


Fedarko, William, Ch. Devel. Engr. 


Telektron AB, Sweden 


Falk, L. Ericsson, Managing Dir. 


Telephonics Corporation 


Stengel, J. Frank, Sr., Pres. 


Temco Aircraft Corporation 


Arbuckle, Richard T., 
Design 

Armstrong, William F. 
Dept. 

Barnett, 
Engrg. 

Baylor, Robert N., Stress Analyst ‘“‘A”’ 

Boyd, Donald S., Engr. 

Brooks, Doyle i Jr, Ch. of Struct. 

Clark, William S. Admin. Engr. 

Crook, Norman L., Ch. Aerodynz amicist 

Edholm, Robert M., Ch.,. Military Liaison 

Evans, J. Gary, Jr., Proj. Engr. 

Grisham, N. D., Methods Devel. Gr. Engr. 

Hawkins, W. Kent, Thermodynamics Gr. Engr. 

Hearn, D. L., Ch. Engr. 

Joel R., Designer 


Design Specialist—Prelim. 
, Jr., Supvr., Estimating 


Weaver E., Gr. Engr., Production 


Power Plant 


Jensen, Soren C., Jr., Aerodynamicist 

Johnson, Richard H., Aerodynamics Engr. 

Lowe, Harold W.., Gr. Engr., Flight Test 

Marx, Howard F., Design Specialist—Opera- 
tions Research 

Miller, Ralph S., Struct. Engr. 

Morrison, F. Robert, Flight Test Engr. 

Mueller, Merle C., Ch. Engr., Garland Div. 

Murtaugh, Clyde = Aerodynz amics Engr. 

Palley, 1. Nevin, V-P—Energ 

Reynolds, Joe D., ae Engr. 

Ridenour, P. J., Jr., Supvr.-—Systems Design 

Ross, Wm. M., Jr., Methods Analysis 

Sawyer, John M.. Design Engr., Wing Gr. 

Spaulding, Gene B., Tech. Dir. 

Teasdale, Arthur Robert, Jr., Ch. of Research 

Tennant, Samuel M., Gr. Engr., Dynamics 

Warynick, Edward W., Supvr.—Flight Test 
Analysis & Operations 
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Tensolite Insulated Wire Company, 
Inc. 


von Plonski, H. J., V-P 


The Texas Company 


Kuhn, W. E., Gen. Mgr., Research & Tech. Dept 
MacCoull, Neil, Cons. Engr. 


Thalman Aircraft Corporation 


Nazir, Phiroze, Cons. Engr. 


Thermal Research & Engineering 
Corporation 


Fukushima, Toshiyuki, Engr. 
Konikoff, John J., Ch. Devel. Engr. 


Thermix Corporation 


Spencer, Robert D., Cons. Aero. Engr. 
Walker, Thomas W., Proj. Engr., 


Pressure 
Suit Disconnects 


Thermix California, Inc. 


Funderburk, James Richard, Mgr. 


Thieblot Aircraft Company, Inc. 


Collins, Francis M., Proj. Supvr. 

Gilbert, George ba Draftsman 

Hedgpeth, Harry » Jr., Ch. Liaison Engr. 
Jones, Charles W., Me of Mech. Design 
Kirby, James Robert, Asst. Ch. Engr. 
Soukhanov, lvan M., Stress Proj. Engr. 
Thieblot, Armand J., Pres. 

Ward, J. Carlton, Jr., Dir. i 


Thiokol Chem‘cal Corporation 
Blalock, Ralph Jones, Jr., Assoc. Engr., Red 


Stone Div. 
*Ferguson, H. R., 


V-P & Treas. 
Kenneth F. Thomas Company 

Duguid. H. Alan. Asst. Mer. 

Spindell, Philip E., Sales Eng. 

Thomas, Kenneth F., Mgr. 


|. Thompson Fiber Glass Co. 


Thompson, H. I., Pres. 


Thompson Products, Inc. 


Barish, Ben, Sr. Proj. Engr. 
Chapman, Walter R., Mer.—Devel., New De- 
vices, R.&D. Staff 


Gen. Benjamin W., USAF (Ret.), 

Colwell, Archie T., V-P 

“Crawford, Pres. 

Cummings, Robert L., Proj. Engr., R&D on aff 

Flower, Frank A., Megr., Government Sales, 
Accessories Div. 

Gregory, John R., Mgr., Aircraft Div. 

Hall, Robert T., Sales Mgr., Accessories Div. 

Hansen, Herman Ray, Devel. Engr., Jet Div. 

Heller, Jack A., Sr. Devel. Engr., Accessories 


Div. 

Homitz, Henry N., Research Engr. 

Koffel, John K., Product Engrg. Mgr., Acces- 
sories Div. 

Kresse, Arthur O., Proj. Engr. 

McKinnon, Roy A., Devel. Engr., Jet Div. 

Oppenheimer, Frank L., Engrg. Specialist 

Plafcan, Charles J., Devel. Engr. 

Poledna, James John, Draftsman, 
Products Div. 

Ruffner, Donald F., 
Devel. Lab. 

Spangler, Selden Booth, Jr., Devel. Engr. 

Stanitz, John D., Ch. Engr., Accessories Div. 

Taylor, J. Edw ard, Mer., Research—New De- 
vices, R&D Staff 

Thomson, Arthur R., Proj. Engr., Compressors, 
Air Turbine Motors & Auxiliz ary Power Units 

Thoren, Theodore R., Staff Dir. Engrg —R&D 

James Asst. Ch. Engr., Accessories 

Wolansky, John, Proj. Engr. 


Hydraulic 


Engrg. Asst. Pneumatics 


The Thorson Company 


Thorson, George 0., Pres. 


n 
y 
'Y 
1Dr¢ 
Ltd. 
Dany 


386 AERONAUTICAL ENGINEERING REVIEW—SEPTEMBER, 1956 


Tide Water Associated Oil Company se oe ing B., Supvr., Aircraft Economic Electro Metallurgical Company 
és Hartlir David A., Engr. 
Frankenfield, C. Walter, Supvr., Automotive Hartline, Paul A.. eral’ ieee. ‘Norwood WP 
Lab., Research & Devel. Dept. Higginbottor Samuel L., Dir. of Energ. 
Lenz, Kenneth E., Flight Engr 


Lewis, Evar 


Tippetts-Abbett-McCarthy- Mrencso, Theodore W. Airline Fi 


Haynes Stellite Company 


: re W., Airline Flight Engr 

° Phelan, Dennis Joseph, Supvr., Engrg. <Aero- 

Stratton, Engineers Calhoun, Wm. D., Sales Engr 
Rummel, R. W V-P—Enegrg. 

Dodge, Eric D., Coneaportetl ym Analyst Sorensen, Norman L., Flight Engr A 

Prokosch. Ww alther, Assoc. Partner, Airport — Paul R., Asst. to Resident Engrg Union Carbide Nuclear Company 
Tarbox William H., Flight Engr. - 

oris, F. D.. Capt Burton, Donald W., Mathematicia 
Tixier Associates Ww isman, Fr r., Power Plant Engr 
Sumer Treman Electronics & Manufacturing Union Pacific Railroad 
Corporation 
Toolko Engineering Company P French, Gerthal, Cons. Engr. 


Treman, S. Michael, Pres. 
“Libby, E. J., Owner 


, United Air Lines, Inc. 
Tri-State College 
opping, inc. - | Head. D 5 Bonnalie, A. F., Dir.—Training Flight Opera 
a iwt T { ntin J., ead, ept t Aero tions 
Topping, Edward William, Pres gre reat E Chin, Harry B., Staff Engr 
ibove, ‘ s, Assoc. Prof., Aero. Engrg Christenson, C. M., Dir. of Safety 
Comstock, Kirke W., Jr., Engr 
Tornborg & Lundberg AB (Sweden) Ditzler, Worden L., "Economic Analyst 
9 9 Tri-State Engineering Consulting Eber, Lloyd W., Engr. <a 
Eliasson, Anders, Asst. Sales Mgr Company Falbo, Theodore, Acro. Engr. 
erlihy, John A., P, Engr & Maint 
4 icof, Willi i .—Assi lubbard, Herbe B., Supt Apy 
Toro Manufacturing Corporation 
Keil, William C., Aero. Engr 
Benson, Don O., Dir. of Research & Devel. Kelly, Raymond D., Supt. Tech. Devel 
Kelso, Lester G., Devel. Engr 
Tru-Scale, Inc. Lahr, H. Ray, Pilot 
Larson, O. 7 Gen. Megr., Grout Services 
Tracerlab, Inc. Howell, W J., Jr, Mer., New Product Lott, Egbert P., Asst. to V-P—Flit. Opns. 
Sales McIver, Robert M., Engrg. Test Pilot 
Pappas, Constantine A., Ch. Mech. Engr. Paul, Lewis A., Pres. Miller, Joseph K., Airframe Engr we 
Moulin, Gerald R., Engr. A , 
Nett, Walter H., Special Asst. to the Pres. 
n 4 + Norheim, Torleif, Aircraft Engr 
Trane Compa Y Tube Reducing Corporation Overton, John, Aircraft: Engr 
. ‘omn *Patterson, W. A., Pres 
Moody, Arthur M. G., Ch. Engr., Cent. Comp. Williamson, A. J., V-P Reif, james wer Engr. 
Rice dwart r irst Off 
Stern, John A., Aero. Engr. 
Trans American Aeronautical Tubular Micrometer Company Fiens, Frederic Edwin, ‘Tech. Staff Ass 
Corporation Clark, Robert C., Asst. Ch. Engr. 
= United Aircraft Corporation 
Carnicero, Jorge, Pres 
Turbo Products, Inc. Hobbs, Leonard . a -P for Engrg. 
Trans Australia Airlines Horner, H. M., 
NK 1 Pres. 
Wilson, James Henry, Pilot Canadian Pratt & Whitney Aircraft 
Te Turbo Research Corporation Company, Ltd. 
Trans-Canada Air Lines 


Drummond, John W. R., V-P 


Sedgley, | Bruce, Engrg. Analyst 
A. E., Asst. Di f Eng Guthrie, Richard H., Engrg. My 
mel Ronald i. Flight Engrg. & Flight Test Willens, D Head, Aerothermodynamics Gr Wallace, Reginald James, Engineer (Helicopter 
Marshall, Duncan C., Engr., Struct. Sect.), Production Models Engrg. Dept. 
Twentieth Century Airlines 
Trans Caribbean Airways, Inc. Hamilton Standard Division 
Friedman, David D., Ch. Engr 
Chalk, O. Roy, Pres. Adams, Earl Winslow, Asst. Proj. Engr., Pnew 
matics- Devel. Gr 
: Baker, Carl F., Quality Mgr 
Twin Coach Company Seem, fata 
Transland Company esigner 
oyajian, Ara Martin, Devel. Engr. 
Civiello, Daniel P., Field Serv Rep 
Clement, Charles R., Design Engr. Erickson, Donald D., Proj. Engr., Aircraft Div. Dernbach, Anthony F., Devel. Engr 
Gomez, ig Foner, David Newton, Asst. to Ch., Vibratior 
Rininger, Paul R., Design Engr. : Bh & Mech. Metallurgy 
A. E. Ulmann & Associates, Limited Huxley, William P., Sales Mgr. : 
Kaegi, Emil M., Test Engr., Mech. Metallurg; 
Transocean Airlines Ulmann, A. E., Pres. ities. Joseph, Prod. Test Engr 
Loring, Samuel J., caus Engr. 
Elbaum. Cone , Bradley Div. Martin, Erle, Gen. Mgr. 
Ringo, E. ?, AED Div i i Mayo, Millard G., Devel. & Install. Engr. 
Unexcelled Chemical Corporation Mosehater, Edward Ch Design 
Peters illiam esearch Analytical Engr 
Transonics, Inc. Clemente, L. Gary, V-P Rhines, Thomas B., Asst. Ch. Engr. 
Jesign Engr 
Hart, George Harrison, Engr. : A St. John, Harry M., jr., Prelim g 
Union Bag & Paper Corporation 
ae 4 Sims, Turner A., Jr., Asst. Gen. Mar. 
Trans World Airlines, Inc. Parr, John Marion, Engr. Design Supvr. 
; Woodruff, Edward C., Jr., esign Layout 
Barr, Louis, i Draftsman 
Beck, Richard H apt 
Bertles, Raymond G., Flight Engr. Union Carbide & Carbon bide 
Capiain Corporation Pratt & Whitney Aircraft Division 
Chiu, Shi Tim, Engr. 
hn A., Exec. V-P Allen, John E., Test Engr. 
eee tae | Hi’, Flight Supt. Carbide & Carbon Chemicals Babcock, Roger M., Analytical Engr. 
Crow, Lofton D., Pilot : Corporation Bailey, Winston S., Analytical Engr. 
Ellinger, Ralph L., Mgr., West Coast Aircraft Banks, George A., Analytical Engr. 
Engrg. Barrett, Warren M., Test Engr. | 
Evans, J. R., Supvr.—Flight Engrs., Western Meghrebliar Robert Vartan, Sr. Research Beardsley, Guy E., Jr., Devel. Engr. | 
Region Engr., Oak Ridge Natl. Lab. Benedict, Mark C., Proj. Design Engr. *beE 
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"Bendix 3-AXiS FLIGHT SIMULATORS... 


have for over 2 years been improving performance and catching 
design bugs in our arsenal of planes and guided missiles . . . 
and without expensive trial flights. This combination of a 
precise analog computer and a high performance 3-axis com- 
ponent test table provides the response and resolution that 
tomorrow’s flight control systems demand. 


Complete technical and applications data sent on request. 


DIVISION OF AVIATION CORPORATION 
5630 ARBOR VITAE STREET. LOS ANGELES 45, CALIFORNIA 


* DEVELOPED BY THE BENDIX RESEARCH LABORATORIES AND MANUFACTURED BY THE COMPUTER DIVISION 
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Brown, Edmund D., Proj. Engr. 

Brueger, John Martin, Analytical Engr., 
plant Performance 

Buck, Richard S., Engrg. Dept. 

Carlson, C. L awrence, Asst. Proj. Engr 

Christie, Arthur R., Wash. Rep. 

Coar, Richard J., Devel. Engr. 

den Tex, N. J., Ch. Install. Serv. 

DuLyn, F. W., Commercial Sales 

Emory, John M. G., Jr., Test Engr. 

Frazier. Robert H., Tr. Install. Engr. 

Gorton, Robert E., Devel. Engr. 

Gosselin, H. A., Ch., Military Sales 

Gregory, Donald P., Engr. 

Hannaford, John M., Draftsman 

Haven, Gilbert P., Exp. Test Pilot 

Heinz, Richard A., Exptl. Test 
tion Engr. 

Hersey, Donald S., Supvr., 

Horwath, Albert S., Asst. Wash. Rep 

Hosking, James R., Instrument Engr. 

Jolda, llorian John, Test Inspection Engr. 

Kazlauskas, Joseph A., Analytical Designer 

Kimura, Arata, Supvr. Analysis Sect. (Boston 
Office) 

King, Edward W., Test Engr. 

Koblish, Theodore, Test Engr. 

Krassowski, Andrew J., Exp. Test Engr. 

Krout, Elwood L., Asst. Design Engr. 

Lange, Gilbert R., Exp. Test Engr. 

Larson, Norman F., Asst. Ch. Install. Engr. 

Lavelle, Joseph E., Designer, Boston Office 

Lawton, Allen A., Test Engr. 

Lesser, Henry E., Designer, Boston Office 

Loomis, William F., Engrg. Standards 

Mact lain, A. Lewis, Install. Liaison Engr. 

Marshall, Richard Lee, Engr. 

Mitrovich, Milenko, Design Proj. Engr., Boston 
Office 

Montany, Eugene R., Asst. Proj. Engr. 

Mooradian, Albert H., Design Gr. Leader, Bos- 
ton Office 

Nozik, Philip, Investigator, Suggestion Comm. 

Porter, L. Proj. Engr. 

Pratt, Perry W., . Engr. 

Randall, Duane Engr. 

Roberts, Frank, Jr. Sr. Analytical Engr. 

Robison, Donald E., Design Analytical Gr. 
Supvr., Fox Proj. 

Roelke, Charles T., Exec. Asst. 

Sauerwein, Robert T., Admin. Asst. to Engrg. 


Mgr 

“Edmund M., Jr., Airlines Engr. 

Staubach, Analytical Engr. 

Strough, Robert I., Proj. Engr. 

Susag, M. Philip, ‘Asst. Proj. Engr. 

Tarbox, Jack M., Designer, Boston Office 

Thompson, Robert A., Exp. Test. Engr. 

Tillinghast, T. E., Sales Mer. 

Todd, James P., Test Engr.—Performance Anal- 
ysis Exp. Test Dept. 

Webster, Robert A., Exp. Test Engr. 

Zepke, Walter E. F., Special Proj. Engr. and 
Engrg. Rep. Aero. Engine Lab. 


Power- 


Instrumenta- 


Design Serv. 


Research Department 


Research Engr. 
Analytical Engr. 
Research Engr. 
Analytical Engr. 


Arcidiacono, Peter J., 
Arnoldi, Robert A., 
Barry, Frank W.. 
Belluardo, Raffaele, 
Carroll, James B., Research Engr. 

Carta, Franklin O., Research Engr. 

Chatfield. Charles H., Secy 

Cooley, James L., Aero. Engr. 

Crown, J. Conrad, Aerodynamicist 

Davis, James G., Research Engr. 

Edelbaum, Theodore Neil, Research Engr. 
Falk, Theodore J., Engr. 

Hausmann, George F., Asst. Ch. Research Engr. 
Krasnoff, Eugene, Research Engr. 

Kuhrt, Wesley A., Ch. Research Engr. 

Lee, John C., Dir. of Research 

Lemnios, Andrew Z., Research Engr. 

McIntyre, Hugh H., Research Engr. 


Molloy, Richard C., Exec. Research Engr. 

Nozik, Philip, Instrumentation Technician 

Pinsley, Edward A., Supvr., Turbomachinery 
Gr. 


Rohman, W. Eugene, Ch. of Design 

Silverman, Bernard B., Engr.—Analysis 

Taylor, Harlan D., Head, Aerodynamics Sect. 

Thome, Pitt George, Research Engr., High 
Speed Aerodynamics Gr. 

Twomey, Edward J., Research Engr. 

Vergara, Rodolfo D., Aero. Research Engr. 


Wetherbee, Arthur Everett, Jr., Ch. of Tech. 
Services 
White, George K., Analytical Engr. 


Sikorsky Aircraft Division 


Alter, Oscar, Liaison Engr. 

Briggs, Phillip E., Design Engr. 

Briguglio, Rocco J., Flight Research Engr. 
Bryant, Paul M., Design Supvr.—Power Plant 


Burgess, Robert Kingsley. Flight Research Engr. 


Carter, Edward S., Jr., Asst. Ch. of Dynamics 
Chesley, George B., Proj. Engr. 

Congdon, Elmer S., Proj. Engr. 

Corso, Joseph T., Aerodynamicist 

De Carlo, Joseph, Layout Engr. 


Downer. Charles P., Struct. Engr. 
Doyle, Ervin F., Fl as Research Engr. 
Echeverria, Charles M., Jr., Proj. Engr. 
I n, Stress Analyst 
Asst. Sales Mgr. 
Aero. Engr. 
lin. Asst. 
ter, Ch. Dynamics Engr. 
, Engr. 

Michae Ch. Engr 
Greeneberg, George S., Flight Remnants Engr. 
Gulick, Martin M., Stress Analyst 
Hendel, Jan N., Exp. Test Engr. 


Hochman, Haz N., Flight Research Engr 
Jensen, Harry T., Ch. Test Engr. 


Katzenber ger, iward F., Ch. Devel. Engr.— 


Devel. Engr.—Blades 
rke, Flight Research Engr 
H., Stress Engr. 

Flight Research Engr. 
B., Ch. of Flight Research 
, Field Service Rep. 

Sr. Struct. Engr. 

Struct. Engr. 
Design Engr. 


Miklus, D., Design Engr. 

Poole, All amics Engr. 

Prouty, W., Aerodynamicist, Design 
Sect. 

Raser, William H., Jr., Engr. 

Rosengren, Ernest G., Sr. Patent Draftsman— 


Industrial Designer 
Sabo, Joseph A., Flight Research Engr. 
Schneiter, Les! , Sr. Aerodynamicist 
Setescak, Gec Weights Engr. 


Sikorsky, Igor Alexis, Ch. Aerodynamicist 
Sikorsky, Igor I., Engrg. Mgr. 
Starzyk, Michael L., Ch. of Specifications & 


Standards 


Theodore 1 J., Asst. Proj. Eng 


Tolomed, J., Design Supvr. 
C ls Armament 
Wolf, Alfred A., Jr., Design Engr. 


United Aircraft Export Corporation 


Jacob, John B., Tech 


Adviser 


United Aircraft Service Corporation 


Brown, James D., Installation 

Craig, Joh Ir., Ch. Field Engrg P&W 
Engines 

Doran, Philip D., Ch., Airlines Engrg. 

Hodges, Robert H., Field Rep. (P&WA) 

Holbert, Calvin D., Tech. Rep. 

Lynn, F Dea in Field Serv. Rep. 


Menco, William M., Aerodynamic Engr., Pt 
Mugu 

Olson, Stanley C Airlines Engrg., Pratt & 
Whitney raft Engines 

Robinsor s D., Jr., Field Install. Engr. 


Robins¢ [., Field Install. Engr. 
Roelke, r., Ch.—Eastern Field Engrg. 
Watson, Alexander M., Field Install. Engr 


United Aircraft Products, Inc 


Carroll, Frank E., Jr., Ch. Engr. 


United Consultants Company 


Gigante, Jos Pres 


United Engineering Trustees, Inc. 


Arms, John H. R., 


E Mer.; Secy., 
ngrg. Foundation, 


Secy.—Gen. 
Researc 


United Shoe Machinery Corporation 


Robinson, G. E Asst. Head, Market Re- 
search & Pricing Sect. 


United States Aviation Underwriters, 
Inc. 


Beers, Henry N., V-P 

*Chambers, Re M., Chairman 

United States Bearing Corporation 
Brandt, Roy P., Stress Engr. 

O’Massey, Conrad, Ch. of Struct. 

United States Helicopter Service, Inc. 
Ricklefs, Jam« 


s S., Pres. 


1956 


United States Propellers, Inc. 


Schwarzenbach, J. C., Pres. 


United States Rubber Company 


Horn, Wm. H., Engr., Dev. Engr. Dept 
Kerr, Henry H., Asst. Mgr. Devel. Engrg 
“Sundberg, Carl, Mer. 


United States Steel Corporation 
American Steel & Wire Division 


Cole, Prescott S., Market Analyst, Cor Re 
search Div., Gen. Sales 

Meyers, Charles W., Mgr., Mfrs. Products Diy 
Gen. Sales 

Howard F., 


*Powders, Aviation Rey 


Consolidated Western Steel Division 


Fenninger, Charles _R., Contracting Engi 


Johnson, Morris E., Contr: tine Engr.—Air- 
craft & Missile Div. 

Pentecost, Horace T., Design E ‘ 

Richey, Randolph, Mgr., Aircraft & M 
Div. 


United World Federalists, Inc. 


MecVitty, Edward W., Natl. Field D 


Universal Cyclops Steel Corporation 


Oviatt, S. Allen, Mgr., Sales—Turbi Bladit 
Executive Engr. 


1g, 


Universal Moulded Products 
Corporation 


Nebesar, Robert J., V-P & Ch. 


University of Alabama 


Bryan, 
Geller, Edward 


Head, Dept. of Aero. os 
"Wayne, Asst. Prof., 


iymond 
Engrg. Mechanics 
Rey, William K., Assoc. Prof. of Aero. Engrg 


Matthew, Instr., Dept 


University of Bridgeport 


Berggren, Willard P., Dir., Div. of Engrg 


University of Bristol (England) 


Collar, Arthur Roderick, Dea Faculty 
Energ. 
University of California 
Berkeley 
Chan, Hugh Won, Grad. Student, Div. of Mech. 
Lngrg. 
Eberly, David K., Grad. Research Engr., Low 


Pressures Engrg. Proj. 
E oe: Jozef Willem, Grad. Student—Chem. 


‘tomar, Don O., Assoc. Research Engr. 

Laitone, Edmund V., Prof. of Mech. Engrg. 

Levenson, Leonard Lionel, Graduate Research 
Engr. 

O’Brien, Morrough P., Dean, College of Engrg 

Talbot, Lawrence, Asst. Prof., Mech. Engrg. 

Woods, Baldwin M., Prof., Mech. Engrg 


Los Angeles 


Boehnlein, Charles T., Assoc. Prof. in Engrg 

Brahtz, John F., Assoc. Prof. 

Charwat, 
Energ. 

English, John Morley, Assoc. Prof. 

Hurty, Walter C., Assoc. Prof.—Engrg 

Kaplan, Joseph, Prof. of Physics 

Manildi, Joseph F., Assoc. Prof. 

Miles, John W., Prof. of Engrg. 

Needham, Robert A., Assoc. Engr. & Lecturer 

Shanley, F. R., 


Tribus, Myron, Assoc. Prof.-—Engrg. Dept 


Andrew F., Asst. Prof., Dept. of 


Hawthor 
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Engineering Field Station, Richmond, 
Calif. 


Selan, Ralph, Grad. Research Engr. 


University of Cambridge 


Hawthorne, William R., Prof. of Applied Ther- 
modynamics 
Tones, ad Bennett Melvill, Emeritus Prof. 
(Ret 

Mair, William Austyn, Prof. of Aero. Engrg. 
Reid, William H., Research Student 


University of Chicago 


Byers, Horace R., Prof. 
of Meteorology 
Saarlas, Maido, Aero. Engr. 


and Chairman, Dept. 


University of Cincinnati 


Jones, Bradley, Head, Dept. Aero. Engrg. 

Murray, Roy H., Asst. Prof. of Aero. Engrg. 

Schaefer Elnan, Odin R., Instructor in Aero. 
Engrg 


University of Colorado 


Durham, Franklin P., Prof. of Aero. Engrg. 
Gilmore, Arthur W., Asst. Prof. (Acting), 
Dept. of Aero. Engrg. 


Isbill, Albert S., Jr., Grad. Student, Aero. 


Engrg. 

Sibert, eg W., Prof. of Aero. Engrg. 
Waddel se Asst. Prof., Aero. Engrg. Dept. 
Webel, E., Prof. of Mech. Engrg. 


Wood, K. D., Prof., Aero. Engrg. 


University of Detroit 
Lin, T. H., Prof. of Aero. Engrg. 
University of Florida 


Hoover, John W., Assoc. Prof. of Aero. Engrg 
Miller, Wm. H., Assoc. Prof., Dept. of Aero. 
Engrg. 
Thompson, Robert 
Engrg 


Alden, Head Prof., Aero. 


University of Freiburg (Germany) 
Gortler, & Dir., 


Henry, Prof. 
Inst. 


Mathematical 


University of Genoa 


Valdenazzi, L. G., Prof. of Mech. Engrg. 


University of Ghent 


Haus, Frederic Charles, Prof. of Aerodynamics 


University of Illinois 


Bryan, Leslie A., Dir.—Inst. of Aviation 
Castner, Theodore G., Grad. Student, Grad. 
Teaching Asst., Physics Dept. 
Coan, John M., Jr. Prof. of _ in Engrg. 
Dougherty, Dora a. Research Assoc., Aviation 
Psychology Lab. i 
Hilton, Harry H., Assoc. Prof., Dept. of Aero. 
Engrg. 
McCloy, Robert W., Prof. of Aero. Engrg. 
Morton, Frank G., Grad. Asst., Dept. of Gen. 
_Engrg. 
Newmark, 
ongrg. 
Urmsbee, Allen Ives, Assoc. Prof. of Aero. 
Engrg. 
Robertson, James M., 
Mech. 
Sny¢ Samuel, 
Engrg. 
Stannard, Edward A., Instr 
Stillwell, Henry Sheldon, Prof. & Head, Aero. 
Engrg. Dept. 
Wood, John Walter, Assoc. Prof. of Architec- 
ture, Dept. of Architecture 


Nathan M., Head, Dept. of Civil 
Prof. of Theoretical & 


Research Asst., Aero. 


University of Kansas 


Agee Ammon §S., Chairman, Dept. of Aero 


srg. 
Parks Ketchum, Assoc. Prof., Aero. 


Engr 


University of Kentucky 


Clore, 
zab. 

Johnson. Morris V., Research Engr. 

Lange, Karl O., Dir., Aero. Research Lab. 


Thomas H., Proj. Engr., Aero. Research 


University of Liege 


Fraeys de Veubeke, B. M., Prof. of Aero. Engrg. 
Haus, Frederic Charles S., Prof. of Aerody- 
namics 


University of Manchester 


Johannesen, Niels Holm, Lecturer 
Owen, Paul R., Fluid Motion Lab. 
Zienkiewicz, Henryk K., Lecturer, 


Fluid Mo- 
tion Lab. 


University of Maryland 


Corning, Gerald, Assoc. Prof., Aero. 
ept. 

Guan Donald S., Dir., Wind Tunnel 

Maggos, George P., Instr. of Aero. Engrg. 

Rivello, Robert M., Assoc. Prof. of Aero. Engr., 
Glenn L. Martin Inst. of Tech. 

Sherwood, A. Wiley, Prof. of Aerodynamics 

Younger, John E., Prof. and Head of Mech 
Engrg. Dept. 


Engrg 


Institute for Fluid Dynamics & Applied 
Mathematics 


Burgers, Johannes M., Research Prof. 
Dosanjh, Darshan S., Research Assoc. 
Hama, Francis R., Asst. Research Prof. 
Imai, Isao, Visiting Research Prof. 

Pai, Shih-I, Assoc. Research Prof. 
Theodorides, Phrixos J., Research Prof. 
Weske, John R., Visiting Research Prof. 


University of Miami 


Gill, John D., Asst. Prof., Mech. Engrg. Dept. 
Low, Emmet F., Jr., Asst. Prof., Dept. of 
Math. 


University of Michigan 


Adamson, Thomas C., Jr., Asst. Prof., Dept. of 
Aero. Engrg. 

Allen, Harold F., Research Engr. 

Broadwell, James E., Assoc. Prof., Dept. of 
Aero. Engrg. 

Brower, Elayne M., Asst. in Research, Engrg. 
Research Inst. 

Buning, Harm, Asst. Prof. of Aero. 

Cullen, Robert E., Assoc. 
Engrg. Research Inst. 

Folsom, Richard G., Dir., 
Inst., Prof. of Mech. Engrg. 

Isakson, Gabriel, Assoc. Prof., Aero. Engrg. 

Kahlke, Charles E., Jr., Student 

Kuethe, Arnold M., Felix Pawlowski Prof. of 
Aerodynamics 

Lemm, Rollin G., Grad. Research Asst., Engrg 
Research Inst. 

Tesher, Edgar J.. Assoc. Prof. of Aero. Engrg. 

Liepman, H. Peter, Dir. Supersonic Wind 
Tunnel, Aero. Engrg. Labs. 

Morrison, Richard B., Assoc. Prof. of Aero. 
Engrg. & Supvr., Aircraft Propulsion Lab. 


Engrg. 
Research Engr., 


Engrg. Research 


Nelson, Wilbur C., Chairman, Aero. Engrg. 
Dept. 
Nicholls, James A., Instr., Dept. of Aero. 
Engrg. 


Nicolaysen, Emil, Research Asst., 
Memorial Phoenix Proj. 

Nyenhuis, Roger J., Student 

Peery, David J., Prof. of Aero. Engrg. 


Michigan 


Perkins, Thomas M., Grad. Student, Aero. 
Engrg. 
Raman, K. R., Grad. Research Asst., Engrg. 


Research Inst. 

Schetzer, Julius D., Prof. 

oes, Keeve M., Head, Theory & Analysis 

Dept.. Willow Run Research Center 

wei, Philip E., Research Asst., Willow Run 
uabs. 

Wilcox, Donald E., Research Asst. 

Yates, Edward A., Asst. Prof., Engrg. Mech. 


University of Minnesota 


Akerman, John D., Prof. & Head, Dept. of 
Aero. Engrg.; Dir., Rosemount Aero. Lab. 
Baldes, Edward J., Prof. of Biophysics, Mayo 
Foundation for Medical Education & Research 
Bradfield, Walter S., Lecturer, Aero. Engrg. 


Dept. 
Chang, Chieh-Chien, Prof. of Fluid Mechanics, 
Institute of Technology 


389 


Cronk, Alfred E., 
Aero. Lab. 

DeCoursin, David G., Sr. 
Aero. Lab 

Demer, L. J., Research Fellow, Engrg. Exp. 
Station 

Domich, Eugene G., 
search Lab. 

Eckert, Ernst R. G., Prof. of Mech. Engrg. & 
Dir. of Heat Transfer Lab. 

Fenne, Donald W., Research Fellow 

Hartnett, James P., Asst. Prof. of Mech. Engrg. 

Herbener, David G., Grad. Student 

Hermann, Rudolf, Prof., Dept. of Aero Engrg. 

Ibrahim, Shukry Kamel, Lecturer, Dept. of 
Aero. Engrg. 

Keppel, Robert E., 

Leadon, Bernard M., Lecturer in Aero. Engrg. 

Laas Paul M., Scientist, Rosemount Aero. 
abs. 


Assoc. Prof., Dept. of Aero. 


Engr., Rosemount 


Senior Engr., Aero. Re- 


Sr. Engr., Rosemount Aero. 


Liu, Tung-Sheng, Scientist 
Melnik, Walter L., Engr., 


Lab. 

Mentel, T. J., Asst. Prof., 
rials 

Pearson, Merwin Dale, Assoc. Scientist, Rose- 
mount Aero. Lab. 

Peilen, Ellis, Instr.—<Aero. 
Div. 

Piccard, Jean, Prof. Emeritus, Aero. Engrg. 

Stolarik, Eugene, Assoc. Prof., Dept. of Aero. 
Engrg. 

Thompson, Kenneth Orval, Engr., 
Aero. Lab. 

Voltin, Eugene G., Asst. Scientist, Rosemount 
Aero. Lab. 

Werner, Frank D., Scientist & Lecturer, Dept. 
of Aero. Engrg. 


Rosemount Aero. 


Mechanics & Mate- 


Engrg., Extension 


Rosemount 


University of Notre Dame 


Brown, F. N. M., Prof. of Aero. Engrg., Head, 
Dept. of Aero. Engr. 

Eikenberry, Robert S., Assoc. Prof. of Aero. 
Engrg. 
Kobayashi, 
Mechanics 
Tan, Hao Sung, 


Francis M., Asst. Prof.—Engrg. 


Assoc. Prof., Engrg. Mechanics 


University of Oklahoma 
Comp, L. A., Prof. of Aero. Engrg. 


University of Pennsylvania 


Hafkenschiel, Joseph H., M.D., 
Medicine, School of Medicine 
Lessen, Martin, Prof.—Applied Mechanics 


Assoc. in 


University of Pittsburgh 
Yates, C. C., Assoc. Prof. 


University of Sheffield 


Bernat, Edwin Plato, Lecturer in Mech. Engrg 


University of Southern California 


Arnell, Walter James, Instructor 

Buhler, Rolf D., Lecturer in Mech. Engrg. 

Hurt, Hugh Harrison Jr., Aero. Engr., Avia- 
tion Safety Div. 


Korkegi, Robert H., Research Assoc., Engrg. 
Center 
Mickey, Fred E., Staff Engr., Engrg. Center 


Pass, Herbert R., Lecturer in Mech. Engrg. 
Rubinstein, Marvin, Aerodynamic Test Engr., 
NAMTC 


Saffell, Herbert R., Dir., Engrg. Center 

Smetana, Frederick O., Research Assoc., Engrg. 
Center 

Stuart, Jay Wm., Jr., 
Center 

Vernon, James B., Assoc. Prof. 

Wainwright, John B., Ch. Test Engr., 
NAMTC, Point Mugu, Calif. 

Wallace, Donald A., Staff Engr., 


Research <Assoc., Engrg. 
ATD, 


Engrg. Center 


The University of Southampton 


Lance, Godfrey 
Mathematics 


Newby, Lecturer in Applied 


University of Sydney 


Meyer, Richard Ernst, Reader in Aero. Engrg. 
Wittrick, William H., Reader in Aero. Engrg. 


University of Technology, Vienna 


Kirste, Leo, Prof. 


pany 
gTR 
ation 
Inc. 
— 


390 AERONAUTICAL ENGINE 


University of Tennessee 


Trimmer, John D., Prof. of Physics 


University of Texas 


Dalley, Joseph W., Asst. Prof. of Aero. Engrg. 
Research Engr., Defense Research Lab. 

Fenter, Felix W., Research Engr. 

Lindsey, Lewis, Research Engr. 
Research Lab. 

Richard, Charles H., Student 

Schlumpf, Robert Ww Research Asst. 

Thompson, Milton John, Prof. and Chairman, 
Dept. of Aero. Engrg., Assoc. Dir., Defense 
Research Lab. 


Defense 


University of Tokyo 


Murasaki, Toshimitsu, Instructor, Inst. of Sci 
ence & Tech. ; 

Sato, Hiroshi, Asst. Prof., Inst. of Science & 
Tech. 

Tani, Itiro, Prof., Inst. of Science & Tech. 

Washizu, Kyuichiro, Asst. Prof., Faculty of 
Engrg. 


University of Toledo 
Fejer, Andrew A., Chairman, Dept. of Aero. 


Engrg. 
Hamilton, Lester Ray, Student 
Hsu, Chieh-Su, Assoc. Prof. 


University of Toronto 


Etkin, Bernard, Assoc. Prof. of Aero. Engrg. 

Glass, Irvine I., Research Assoc. & Asst. Prof. 
of Aero. Engrg. 

Martin, Walter A., Research Asst. & Grad. 
Student, Inst. of Aerophysics 

Patterson, Gordon Neil, Dir., Inst. of Aero- 
physics; & Chairman, Dept. of Aero. Engrg. 
and Aerophysics 

Ribner, Herbert S., Research Assoc. & Lecturer, 
Institute of Aerophysics 

Tucker, Norman B., Research Asst. 


University of Tulsa 


Klotz, Prof. J. Chas., Head, Aero. Engrg. 


University of Utah 


Johnson, Arlo F., Prof. & Head, Dept. 
Engrg. 


of Mech. 


University of Virginia 


Connelly, Lt. John J., Jr., USN, Grad. Student, 
Rouss Physical Lab. 

Fleming, Bruce S., Sr. gs ng Asst., Ord 
Research Lab., Physics Dept. 


University of Washington 


Eastman, Fred S., Prof., Aero. Engrg. 

Ganzer, Victor M., Exec. Officer, Jept.—Aero. 
Engrg. 

Joppa, Robert G., Labs., & Asst. 
Prof., Aero. 

Martin, Harold C rof. eo Aero. Engrg. 

Street, Robert E., Prof., Aero. Engrg. 


University of Wichita 


Albright, Penrose S., Head—Physics Dept. 

Bondie, Royal J., Jr., Sr. Research Engr., Dept. 
of Engrg. Research 

Cook, Everett L., Instr. in Aero. Engrg. 

Razak, Charles Kenneth, Dean, School of Engrg. 

Razak, Virgil L., Wind Tunnel Supvr. 

Ruptash, John, Assoc. — of Aero. Engrg. 

Snyder, Melvin Jr., Assoc. Prof. & Head 
of Aero. Dept. 

Wattson, Robert K., Jr., Assoc. Prof., Aero. 
Engrg. 


University of Wyoming 


Stafford, Alfred B., Prof., Mech. Engrg. Dept., 
Engrg. Coll. 


Utility Metal Products, Inc. 


West, Edward, Jr., Ch. Engr. 


Vacuum Oil Company Pty. Limited, 
Melbourne 


Haig, Frederic William, Aviation Mgr 


Val Air of Hereford 


Schunter, H Owner 


The Valdor Company 


Cronstedt, \ Sr. Partner 


Valmet oy Aircraft Factory, Finland 


Jarvineva, Elias A., Design Engr. 


Vancouver Iron Works Ltd. 


Craigon, A R&D Engr. 


Van Dusen Engineering Company 


Van Dusen, C. A., Managing Partner 


Van Dyke — Company, Inc. 


Van Dyke, William D., V-P, Engrg. 


B. O. Vannort Engineers, Inc. 


Blount, S. M., Jr., Mech. Design 


Van Zelm Associates 


Forlifer, William R., Staff Specialist 
Martin A., Proj. Engr. 
van Zelm, W 1D. Pres. 


Dynamics 


Vapor Heating Corporation 


Wirth, Fay A Midwestern Aircraft Rep. 
Vard, Inc. 
Landry, Arct ( Proj. Engr 


Scrooc, D. J., Struct. Engr. 
*Spencer, Frank L., V-P 


Vectron, Inc. 


McEnness, Har F., Asst. to Pres. 


Vernon Kilns 


Bothwell, Douglas, V-P—Sales 


Vertol Aircraft Corporation 


Alexeeff, Serge A., Weight Engr. 

Asher, Norn J Administrator, Research & 
Prelim. D 

Baier, Rol S Designer 

Baskir Jos M 


Bell, John F.. Service Engr. 


*Berlin, Don R., Pres. & Chairman of the Bd 
1 tick 1, Aerodynamic Engr. 


Caserta, Rict I 

Crosson, James G., Designer 
Daggett, Myron L., Jr., Sr 
Davis, Harold W 

Dussaigne, Raymond M. 


Designer 


Freund, William John, Aerodynamicist 
Gill, Mellor A., Patent Admin. 

Gitt, Edwar 

Godon, W Welst 

Gray, Glen M., I ght Test Engr 


Grina, Kenneth, I., Ch. of Stress 

Hamilton, Da 

Hansen, W. T., Staff Stress Engr. 
Hartman, Ernest L., Jr. Engr 

Hassett, Robert J., Proj. Stress Engr. 
Hecht, Marjorie, Asst. Designer 

Horne, Harry B., Jr., Asst. to V-P, Admin. 
Kasten, Harry A., Stress Analyst 


Klein, Harvey H., Sr. Proj. Stress Engr. 

Klem, William ( Stress Engr. 

Koellish, Wilfred M., Ch. m Flight Test 

Korcezyk, Rayr d J., Designer 

Lanning, Robert D., Design Staff Engr. 
Plant 

Loewy, Robert G., Ch. Dynamics Engr. 


ERING REVIEW—SEPTEMBER, 


(Power 


1956 


Lorenz, Sigmund J. 

Lynahan, Paul W., Asst. Proj. Engr 
Mallen, Joseph 

McCormick, Barnes W., Aero. Gr. Er 
Mitchell, Arthur E., Jr., 
Mullen, Thomas H., Asst. Wash. Rep 
Mulvey, Hugh J., Tech. Asst. to V-P Engrg 
Nickey, William E., Asst. to the Pres 

Peck, William B., Sr. Proj , 
Pierpoint, Thomas R.. Service Met 
Richardson, David Allen, Ch. Proj. En 
Schaub, C arlton H., Proj. Engr 
Schwarzmuller, Clifford W., Cost Esti: itor 
Sheridan, Philip F., Aerodynamics Staff Eng; 
Sloan, Lloyd H. 

Stepniewski, Ch 
Stewart, Earle 

Thomas, William W., Ch. Draftsmar 

Tobey, Harry, Ch. of Struct. 

Tuttle, Ralph M. 

Ward, LeRoy E., Struct. Test Engr 

Kenneth T., Gr. Engr., Struct. Tes 


Research & Devel 


Watson, Donald R., Ch. of Weights 


Zeenkov, Seymour, Sr. Proj. St: aff Eng 
— Inc. 
Brown, Edward I., . Engr., Aircraft Products, 


El Segundo — 

Gardiner, Duncan B., Dir. of R&D, 
Engrg. Center 

“Harrington, F. T., V-P 

Herman, Kenneth R., Pres 


Admin, & 


Vickers-Armstrongs (Aircraft) Ltd. 


Clarkson, Christopher, U.S. Rep. 

Crockett, Geoffrey St. Quintin, Deputy Ch, 
Wind Tunnel Dept. 

Hoskins, Leonard Maxwell, 
man—Struct., Supermarine Works 

Hughes, Samuel Ronald, Ch. Aerodynamicist 
Supermarine Works 

Kitchenside, Albert William, 
Proj. Assessment Engr. 
Taylor, Robert Irvine, Sr. Trials Engr., Guid 
Weapons 


Design Draughts 


Guided Weapons 


The Viking Tool & Machine 
Corporation 


Johnson, Melvin, Ch. Engr. 


Virginia Polytechnic Institute 


Bruce, Arthur C., Instructor, Aero. Engrg. 
Eades, James B., Jr. , Asst. Prof. of Aero Engrg 
Truitt, Robert Ww. , Head—Aero. Engrg. Dept. 


Vitro Corporation of America 


Dziepak, Anthony J., Engr.—Stress 

Knox, Thomas B., Asst. Head, Tech 
Dept., Silver Spring Lab. 

Ward, 7 Carlton, Jr., Pres. 


Services 


Vitro Laboratories 


Meisel, Robert M., Mathematician 


William F. Vogel, C.E. 


Vogel, William F., Cons. Engr. 


Voorhees Walker Smith & Smith 


LaBella, Sebastian L., Architectural Designer 


Vulcan Iron Works, Inc. 


Warrington, Chester H., Chairman of the Bd. 


The Waco Aircraft Company 


Brukner, Clayton J., Pres. 


H. A. Wagner Company 
Dubey, Michael, Mech. Devel. Engr. 
M: astrocola, Nicholas, Proj. Engr. 

Waku Aero Agency 


Kuehnegger, Walter, Design & Cons. Engr. 


Wa 
Dickmar 


Wall 


Haring, 


Washi 


Kirstein 


Fusfeld, 


Medic 


Granger 
Inger, | 


Breck, 
tion 
Hender 
tion 
Pauly, 
Teree, 
Winzer 
Aviat 


Bhagwa 
Gage, ( 
Johnsor 
Mahon, 
*Mered 
Ri 
Turner 
Velazq 
Westph 


merc! 


W 


Weems 


Marsha 
Wells, 


Code, | 


Wi 


Spivac! 


Seltzer 
Eng: 
Ulrich 
Eng 


Buss, 

Critch 

Glass, 
tion: 


— 
Engrs 
Schroed 
Lissner, 
f Er 
Aero 
Zobel, 
W 
Shelesr 
Filicko, 
Franke \ 


gr 
timator 
Engr 
De 

Test 
ng 
Products, 
Admin, & 


t) Ltd. 


puty Ch 
Draughts 


lynamicist, 


Weapons 


r., Guider 


itute 


Engrg. 
ero. Engrg 
rg. Dept. 


erica 


h. Services 


Smith 


Designer 


ic. 


f the Bd. 


pany 


5. Engr. 


KOSTER OF MEMBER'S, 


Waldes Kohinoor, Inc. 


Shur, Ira, Asst. Ch. Engr. 


Waldick Engineering Company 
Dickman, Walter H., Mgr., Aviation Sales 
Wallace & Tiernan Company, Inc. 


Haring, Warren F., Mgr.—Instrument Sales 


Washington Technological Associates 


Kirstein, Myron, Engr. 


Washington University 


Fusfeld, Robert D., Student 
Kippenhan, Charles Jacob, Head, Dept. of Mech. 
Engrg. 
Schroeder, Henry A., M.D., 
Medicine 


Assoc. Prof. of 


Wayne University 


Granger, Frank M., Asst. Prof., Aero. Engrg. 


inger, George Grad. Student—Aero. Engrg. 


ssner, Herbert R., Prof. & Chairman, Dept. 
‘ot Engrg. Mechanics 

Locke, Arthur A., Prof. & Head—Dept. of 
Aero. Engrg 

Zobel, Edward. C., Asst. Prof., Dept. of Engrg. 


The Weatherhead Company 


Breck, Lawrence W.., 
tion Div. 
Henderson, Lester \ 
tion Div. 

Pauly, Bruce H., Assoc. Dir., R&D 

Teree, B. R., Ch. Engr., Aircraft Div. 

Winzer, Frederick A., Jr., Gen. Sales Mer., 
Aviation Div. 


District Sales Mgr., Avia 


P & Gen. Mgr., Avia 


Weber Aircraft Corporation 


Bhagwat, M. S., Stress Engr. 

Gage, Charles L., Engr. 

Johnson, Harold G., Ch. Sales Engr. 
Mahon, James L., Engrg. Gr. Supvr. 
*Meredith, E. K., Pres. 

Robinson, George H., Jr., Sales Engr. 
Turner, John F., Ch. Engr. 
Velazquez, J. L.. Ch. Engr., 
Westphal, H. Frederick, 
mercial Seating Div. 


Airplane Div. 
Design Engr., Com- 
Weems System of Navigation 


Weems, P. V. H., Partner 


Weizmann Institute of Science 


Shelesnyak, M. C., Sr 
Biology 


George E. Wells, Incorporated 


Marshall, Chas. H., Secy.-Treas. 
Wells, Willis L., Pres. 


West Coast Airlines, Inc. 


Code, Ernest B., V-P 


West Coast Research Company 


Spivack, Herman M., Tech. Dir. 


West Virginia University 


— Leon Zee, Prof. 


Engrg. Dept. 


Western Air Lines, Inc. 


Buss, Robert A., Asst. Ch. Pilct 
Critchell, Howard M.. Pilot 
Glass, James Clifton, Engr. 


Modifica 
tions, Weight & Balance 


Design, 


. Scientist, Dept. of Exp. 


and Head—Aero. 
Ulrich, o-— H., Jr., Asst. Prof., Aero. 


Holtan, Lester C., Regional Ch. Pilot 
Musselman, Edward, Airline Capt. & 


Transi 
tion Pilot 


Western Aircraft Supply Company 


Willis, Jack A., 


Partner 


Western Aviation 


Hoy, T. Benson, Editor 


Western Design & Manufacturing 
Corporation 


Sponsel, Clifford W., Pres. 


Western Electric Company 


Kunst, Arnold Edward, Devel. Engr. 
Rada, Robert Otto, Devel. Engr. 


Western Electro-Acoustic Laboratory 


Veneklasen, Paul S., Owner—Dir. 


Western Gear Corporation 


*Bannan, B. A., V-P 

Hoard, Richard J., Supvr., Engrg. Div. 
Morris, John K., Mer.—En 

Tomren, Ray, Test Engr. 


Western Gravity Casting Company 


Trich, Henry Chess, Pres. 


Western Sky Industries 


Lundgren, Agne T., Works Mgr. 


Westinghouse Air Brake Company 


Skantar, Elmer Thomas, Staff Engr. 

Stough, Robert A., Jr. Design Engr., Ind. 
Products Div. 

Totter, Andrew F., Lab. Technician, 


Union 
Switch & Signal Div. 


Westinghouse Electric Corporation 


Air Arm Division, Baltimore 


Anthony, Gilbert C., Engr. 

Atran, Leonard, Engr. 

Clanton, Ron ald, Engr.—Gr. Leader 

Collins, Bertram E., Sales Engr., Proj. Liaison 

Darr, Jack Sect. 

Dougan, Roger R., Eng 

Douglass, Williz am Engr. 
Elec. Dept. 

Eaton, Bruce G., Jr., Sr. Advisory Engr. 

Ehreke, G. W illiam, Jr., Mgr., Proj. Liaison 

Fields, Raymond H., Mgr., Sales Engrg. 

Frank, M. Jack, Mer., ‘Aircr aft Maint. 

Fuchs, Abraham, Sr. bngr. 

Godsey, Frank W., Jr., Mgr., Baltimore Div. 

Herwald, Seymour W., Engrg. Mer. 

Hurlin, jenn C., Assoc. Mathematician 

Kerley, James 7, Jr., Struct. Designer 

Loomis, Robert H., Engr. 

Mayhue, Robert J., Engr. —Write 

McClellan, Cyril E., Proj. og 
Control Systems Proj. 

McCourt, Andrew W., — 

McCoy, W. J., Engr. 

McFarland, Wm. C., Sales Engr. 

Moses, Harry C., Supv. Engr., Automatic Flight 
Control Devel. 

Nesbitt, Stanley, Proj. Engr., Flight Devel. 
“ngrg. 


Nobles, Charles E., Sect. Mgr., Devel. Engrg. 


Aircrait 


Fixed Fire- 


Analytical Sect. 


Petrou, Wes Mgr. —Devel. Engrg. 
Povejsil, Donald J., Supervising Engr., Analyti 
cal Sect. 


Robley, Ray C., Jr., Sr. Engr. 

Ruckstahl, R. E., Mgr. ‘ Drawing Office 

Smanko, William R., Sales E ngr. 

Titus, Charles K., Supvr. Engr. 

Towner, George Ford, Proj. Mer.. Bomber De- 
fense Projects 

Venator, T. J., Mer., 
Angeles, Calif. 

Wagner. William J., Assoc. Engr.—Devel. 

Wascavage, Joe A., Engrg. Sales 

Yale, Donald Arthur, Proj. Admin. 


Defense Products, Los 


391 


Atomic Power Division, Pittsburgh 


Davis, Duane M., Engr. 
Dobrow, Harry P., 
Staff Engr. 
Martincic, Paul William, Assoc. Engr. 
Sonnemann, George, Sr. Engr. 
Theo, Michael G., Assoc. Engr. 
Walker, Thomas J., Sr. Scientist 
Wick, Robert S., Sr. Scientist 


& Student 


Advance Reactor Devel. 


Aviation Gas Turbine Division, 
Kansas City 


Arnold, H. Roys, Admin. Asst. & Mgr., Foreign 
Relations 

Barakauskas, Edward, Sr. Engr. 

Beach, Lawrence R., Mgr., Field Service 

Brunner, Mathias J., Design Engr. 

Chilton, Allan, Ch. Engr. 

Compagnon, Michel A., 
Prelim. Design Gr. 

Ehrich, Fredric F., Advisory Engr. 

Faught,. F. Sect. Engr., Performance & 
nstall. 


Performance Engr., 


Fedarko, William, Engr., Power Controls Sys- 
_ tems Sect. 
Foster, Douglas Vernon, Supvr., Aerodynamic 


Design 
Hanson, Wayne Q., 
Henning, Fred W., 
bustion Design Sect. 
Herbling, Fred W., Design Engr.—Afterburners 
Klevatt, Paul L., Combustion Design Engr. 
Kroom, R. P., Dir. of Research 
Kueser, Paul E., Engr. 
Lawton, John W., Service Supvr., Central Area 
LeCours, Camille A., Jr., Compressor Design 


Field Service Engr. 
Supervising Engr., Com- 


ngr. 
Macartney, Allan U. 
MacPheson, James R., Sales Engr.—Western 


Area, Los 
Meyer, Charles A., Sect. Mgr., Steam Div. 
Naumer, Dale A., ‘Jr. Engr.—Exp. Test & Devel. 
Newby, Henry \ Re Western Area Supvr., AGT 
Service Dept., Angeles 
reer Sidney’ C., Gen. Mgr., Sales & Service 


Dep 
Richard G., Service Engr.* 
Redding, James D., Mgr., Hq. Sales 
Rohde, Frederick W., Div. Quality Engr. 
Rosenthal, Frederick ty Devel. Engr. 
Sarles, Peter M., Midwest Rep. 
Scherer, John Albert, Supvr., 
Flight Test Div. 
Schloesser, Victor V., 
AGT Engrg. 
Schreiber, I. Carl, Engine Application Engr. 
Schwoerer, Frank, Mgr., Advanced Devel. 
Seely, William B., Engr., Flight Test Sect. 
Smith, W. Waits, Mer. 
Soucek, Romus, Mgr., West Coast Sales 
Sparks, Wm. L., Asst. Sales Mgr., West Coast, 
Los Angeles 
Thompson, William F., 


Planning Sect., 


Mgr., Devel. Engines, 


Supvr. Engr., Mech. 


evel. 
Wells, Robert L., Exec. Asst. to Div. Mer. 


Pittsburgh 


Batdorf, Samuel B., Dir. of Devel., 
Hq. Staff 

Fuller, Stuart J., Jr., Engr. 

Hanna, Clinton R., Assoc. Dir. .» Research Labs. 

Haverstick, S. Alexander, Mgr., Marine Avia- 


tion & Transports tion 
viation Mgr efense Products 


“Kropf, V. J 
Pale Sidney C., Megr., Dept. 
Way. Stewart. Sect. Mgr., Thermodynamics, 


Research Labs. 


Engrg. 


Miscellaneous 


Barker, Horace H., Jr., 
Div. 

Duncan, William, Sales Engr., Phila., Pa. 

Harrod, H. T., Mgr., Govt. Contract Admin., 
Electronic Tube Div. 

Korodi, Paul C., Prod. Design Engr. 

Macartney, Allan U., Sr. Engr.—Dayton Rep. 

Maedel, Paul H., Jr., Supvg. Engr., Lab. Engrg. 

Massey, A. Darrel, Aviation Sales Engr., Elec- 
tronic & Elec. Systems 

Paquette, Armand L., Sales Megr., 
Equip. Dept. 

Perkins, Don, Application Engr., 
Dept., Small Motor Div. 

Soucek, Romus, Megr., Defense Products, Pa- 
cific Coast 


R&D Engr., 


Sturtevant 


Aircraft 


Aircraft Sales 


Westland Aircraft Limited 
Shunker, P. E. Q., Ch. Designer 


Weston Electrical Instrument 
Corporation 


Gilbert, 
Pres. 


Roswell W., Research Dir. & Asst. to 


=== 


392 AERONA 


*Hoyer, Edward, Mgr., Aircraft Sales 


Skidmore, Walter H., Ch., Aircraft Engine In- 


strument Engrg. Div. 


Wharton and Wilcocks of America, 


Inc. 


Wilson, R. H., Dir., Ch. Engr. 


Wheately Research Co. 


Bolles, Jonothan, Proj. Engr. & Pilo 


Wheelock Associates 


McLaughlin, George F., Editor 


Whirlpool Seeger Corporation 


Dunes, Walter A., Asst. Ch. Engr. 


White-Rodgers Electric Company 


Badewitz, Charles J., Asst. Ch., Mech. Design, 
Armament Dept. 


Whiting Corporation 


Anderson, Herbert W., Mgr., Aviation Dept. 
Wm. R. Whittaker Company, 
Limited 

Haney, William Russell, Jr., Field Engr. 
Oblingex, Richard L., Dir. of Eastern Div., 


Field Engrg. 
Vierra, Arthur K., Liaison Engr. 


Sir W. G. Armstrong Whitworth 
Aircraft Company, Ltd. 


Stratford, Alan Howard, Ch. Tech., 
iv. 


Australian 


E. Wicks, Ltd. 


Pitkanen, Aimo Joel, Engr. 


Wideroes Flyselskap og Polarfly A/S 


Karlsen, Edwin, Ch. Planning Engr. 


E. B. Wiggins Oil Tool Company 


De Cenzo, Herbert, Ch. Engr. 


Montague, Joe A., Ch. Insp.—Quality Control 


Engr. 
Walters, Lawrence, Jr., Ch. Designer 


Wilberding Company, Inc. 


Amaral, Ivo M., Computer & Engrg. Draftsman 


Wilford Aircraft Corporation 


Wilford, E. Burke, Pres. 


Willys Motors, Inc. 


Fahey, Russell Emmett, Aero. Engr. 


Wilmington Trust Company 


du Pont, Lammont, Jr., Asst. V-P 


Wind Tunnel Instrument Company, 
Inc. 


Bernbaum, Lawrence, Pres. & Treas. 


Woodward, Walter R., Ch. Engr. 


Winder Aircraft Corporation 


*Henry. Pres. 
White. Eric S., Proj. Engr. 


UTICAL ENGID 


Wings, Inc. 


Smith, J. Story, Chairman of the Bd. 


Winzen Research, Inc. 


Winzen, Otto C., Pres. 


William C. Wold Associates 


Wold, William C., Partner 


Wolf, Block, Schorr & Solis-Cohen 


Wolf, Alfred I Partner 


Woodward Governor Company 


Eley, Myrle ( Proj. Engr. 


Worcester Polytechnic Institute 


Merriam, Kenneth G., Prof.—Aeromechanics 


World Trade, Inc. 


Gobh, John, Pr 


Worthington Corporation 


Davis, Hunt, (¢ Engr., Compressor Devel. 
Demchak, Albert H., Gr. Supvr., Research Dept 
Segal, Marsha M., Assoc. Research Engr. 


Wright Engineering Company 


Wright, H. Dudley, Gen. Mgr. 


Gordon Company 


*Stoddard, R t W., Pres. 


Yale University 


Gimbel, ( R rd, USAF (Ret.), Curator 
of Aeronaut Literature, Library 

Phillips, Aris, Assoc. Prof. Civil Engrg 

Young, Dar Dean, School of Engrg. 


Yard Electric, Inc. 


Weasner, W E., Gen. Mgr. 


H. L. Yoh Company 


Kurit, Hert Aerodynamicist 


Young Development Laboratories, 
Inc. 


Smith, Kenneth W., Ch. Engr. 


Young Radiator Company 


*Young, F1 M., Pres. & Gen. Mgr 


Young Testing Machine Company 


Young, H. Russell, Pres. 


Samuel Yudewitz Company 


Yudewitz, Samuel, Ch. Engr. 


A. M. Zarem & Associates 


Zarem, Abe M , Engrg. Cons. 


Zenith Engineering Company 


Keilp, John P., Designer 
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Zenith Plastics Company 
Zenith Aircraft Division 


Braham, Wm. E., V-P—Engrg. 

Brucker, Milton, Pres. 

Fingerhut, Sol. M., Engr. 

Fink, Wally, Head of Research 

Gottlieb, Seymour, Asst. Plant Mgr. 

Myers, Norbert C., Supvr., Structural Research 
Nicholson, Nick A. Asst. to V-P—Engrg 
Zophres, William C., Struct. Research Engr. 


Zimney Engineering Company 


Zimney, Charles M. 


Consultants, 
Independents, Etc. 


Adler, Charles, Jr., Cons. Engr. & Newspaper 
Columnist 

Aldrin, Edwin E., Aviation Cons. 

Altman, Peter, Cons. Engr. 

Anderson, Frederick W., Cons. Engr. 

Barish, Thomas, Cons. Engr. 

Benoit, Georges Edmond, Cons. Engr. 

Biot, M. A., Cons. 

Bockius, Capt. Robt. USN, Ret. 

Bowers, H. L., Cons. U.S. Govt 

Breese, Vance, Cons. 

Brewer, Given A., Cons. Engr. 

Brombacher, W. G., Cons. Physicist 

Browder, Jay E., Electronic Cons. 

Burbank, Kershaw 

Caldwell, Frank W., Cons. Engr 

Caler, John Wayne 

Carson, William I., Jr., Thermo-Aerodynamicist 

Castoldi, Mario, Cons. Engr. 

Conpel. Charles Edward, Cons. Aero. & Ord. 

ngr. 

Chermiak, Geo. S., Cons. Engr. 

Clark, Charles C., Meteorologist & Lawyer 

Cleveland, Reginald M., Cons. 

Couchman, Carl Spencer, Cons. Engr 

Crafton, Paul A., Cons. Engr. 

Crispin, Charles H., Architect 

Crudge, Vernon Grant, Aviation Cons., Dir. 

Cuneo, John R., Historian 

Datwyler, Gottfried, Cons. Engr. 

de Florez, Luis, Cons. Engr. 


Diehl, Capt. Walter S., USN (Ret. Cor 
Engr. 
Dienstbach, Carl, Inventor, Writer, Author 


Ditchmen, George 
field Aerdrome 

Dolan, Chas. “Carl” H., II, Cons 

Dreisbach, John F., Author 

Dubosclard, Paul P. M., Cons. Engr 

Dunsmore, Chester L., Cons. Engr 

Dykes, Christopher, Advising Aero. Engr 

Ergas, I., Patent Agent 

Espenschied, Lioyd, Research Cons. 

Eubank, John A., Prof. of Aero. Jurisprudence 
—Attorney & Counsellor at Law 

Fitch, Walter M., Cons. 

Fowler, Harlan D., Cons. Aero. Engr 

Fulton, Garland, Engrg. Cons. 

Gardner, Lester D., Aero. Cons. 

Ghaswala, Soli K., Cons. Engr. 

Goodyear, Joseph, Free Lance Writer 

Gordon, M. B., Con 

Griswold, Roger W., am Aerodynamic Cons 

Grodson, Anthony Gc. Self- employed Aero. Engr 

Gross, Jerome A., Patent Attorney 

Halaby, Najeeb E., Assoc.—Laurence S. Rocke 
feller 

Harris, Harold R., Aviation Cons 

Hays, Russell, Rotor Research 

Hazen, John W., Cons. Engr. 

Hennicke, Carl ‘A. 

Heron, S. D., Cons. Engr. 

Herreshoff, A. G., Cons. Engr 

Holland, Maurice, Research Mgt. Cons 

Holland, Ray, Jr, Research Engr. 

Holman, John Vivian, Cons. 

Hotchkiss, Henry G., Lawyer 

Kallir, Otto, Owner, Galerie St. Etienne 

Kemper, Carlton, Cons. Engr. 

Kramer, Fred S., 

Leak, Arthur H., Cons. Engr. 

LePage, W. Laurence, Mgt. Cons 

Loening, R. R., Lawyer 

Lusty, Cameron N., Pilotless Aircraft Cons. & 
Mfr. Rep. 

Lusty, Ivor, Attorney & Engr. 

Lyon, Thoburn C., Cons. 

MacCracken, William P., Jr., Attorney at Law 

Mahlmann, Charles V., Cons. Engr 

Malina, Frank Joseph. Cons. 

Marks, J. David, Mfg. Cons. 

Mayer, Waldemar F., Cons. 

McClarren, Ralph H., Cons. Engr. 

McIntosh, Colin H., “Air Transportion Cons 

McJones, Robert W., Cons. Engr 


Boi, Owner—Engr., Archer 
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Miller, Roy G., Tech. Cons. 

Mitchell, Charles L., Meteorologist (Ret.) 
Molyneux, G. C., Cons. Engr. 

Naiman, Julius M., Cons. Engr. 

Nazir, Phil P., Consulting Engr. 

Newman, Arthur L., Attorney 

Nordlinger, 5. G., Engrg. & ar Cons 
Northrop, John K., Engrg. Cons. 

Olsen, Eric, Engrg. Photography 

Pagon, W. Watters, Cons. Engr. 

Pawl, Walter S., Patent Attorney 

pihl, R. Adm. Paul E., USN (Ret.) Cons. 
Platt, Haviland H., Engrg. Cons 

Pollard, Harold, Cons. Eng 

Prenovich, Bernard L., Gane. Struct. Engr 


Priebe, Paul D., Cons. Aero. Research 

Prince, David ‘om Cons. Engr. 

Rhonie, Aline, Cons. 

Roberts, W. E., Jr., Struct. Engr. Cons. 

Rogers, John M., Cons. 

Ross, Frederick W., Cons., Physics—Aerody- 
namics 

Scudder, Nathan F., Cons. Engr. 

Shaw, Howard A. 

Shipp, Warren D., Photographer & Writer— 
Aviation 

Simmons, Edward E., Jr., Cons. Engr. 


Smith, Paul A., Cons. 

Solomon, John W., Cons. Engr. 

Span, Robert E., Registered Engr. 

Spaulding, Morril B., Jr., Attorney at Law 
Legal & Tech. Rep. 

Standerwick, Reginald G. 

Sterne, Edward Newspaperman 


Swartzel, Karl D., Cons. 

Taylor, Thomas L., Sales & Engrg. 

Te ymamichel, Jack te Aero. Engr. & Safety 
Engr., Cons. 

Walkowicz. T. F., Investment Adviser 

Walton, Edwin C., Industrial Cons. 

White, Gene .. Cons. Engr. Fluid Systems, 
Aircraft & Missile 

Williamson, C. Glen, Gen. Management Cons. 


Wohler, Stanley A., Cons. Engr. 

Wolfe, Thomas, Aviation Cons. 

Wood, Homer J., Cons. Mech. Engr. 

Woodward, Harper, Counsel & Aviation Adviser 
Wright, George T., Manufacturers Rep. 

Yassin, Ivor B., Cons. Engr. 

Zuckerberg, Harry, Cons. Engr. 


Foreign Governments 


Argentina 


Avellaneda, Juan Benito, He: “ 

Test Dept., I.A.M.E. (1.Ae. 
Velez, Comdr. Oscar G., Dir., 
de Aerotecnica 


Engr., Flying 


scuela Superior 


Australia 
Cartmel, Jacob Alexander Bruce, Higher Exp. 
Officer, Systems Assessment Div., Weapons 


Research Estab. 
Coombes, L. P., Ch. 


L Supt., 
Dept. of Supply 


Aero. Research Labs., 


David, Frederick William, Supt. for Aerody- 
namics, Aero. Research Labs., Dept. of Supply 
Langford, Aubrey Frederick Walter, Sr. Exper. 
Officer, Aerodynamics Div., Dept. of ie 
5 Rodney, Maint. Officer, No. 482 (M) Sq. 

AAF 
Rockliff, Robert John, Sr. Scientific Officer, Un- 
a ady Aerodynamics, Weapons’ Research 
Estab. 
Solvey, Joseph, Principal Scientific Officer, Aero 
Research Labs 
Brazil 
da Silva, Col. Joaé Mendes, Aviator Engr., 
Brazilian Air Force al 
Muniz, Major Gen. Antonio Guedes, Brazilian 
Air Force 
Canada 
Allan, Donald G., Scientific Officer, Defence 
Research Medical Labs., Defence Research 
Austin, F. W., Resident Ang Surveyor, Air 


Registration Bd.—North 


Am. 
lain, S/L C. Wilfred, RCAF, Wing Maint. 
Officer, 4(F) Wing, RCAF 
ray, Gr. Capt. _— Harris, Sr. Tech 


Staff Officer, RCA 
P., Head, Powerplant Devel 


Sect., 

Brough, Ae Comdr. James Norris, RCAF, 
Officer Commanding, RCAF Tech. Services 
Detachments 

Bull, G. V., Sect. Head—Aerodynamics, Cana- 


dian Armament R&D Est., Defense Research 
Campbell, S/L Arthur James, 


Aircraft Maint. 
Campbell, William F., Natl. 


Research Council 


Drinkwater, Ronald C., Technician 3, Dept. of 
Natl. Defence 

Foottit, Gr. Capt. H. R., RCAF, Dir. 
craft Engrg., RCAF Ha. 

Fournier, J. P., District Supt.—Air Regula- 
tions, Air Serv. Br., Dept. of Transport 

Garland, F/L John W., RCAF, Aircraft Proj. 
Officer 

Green, John Joseph, Defence Research Member, 
Canadian Joint Staff & Defence Research 
Attaché, Canadian Embassy 

Hall, Albert Henry, Assoc. Research Officer, 
Natl. Aero. Estab. 

Hanna, F/L James E., RCAF, Student, 
Test Pilot’s School, RAF 

Donald M., 
RCAF Air 


of Air- 


Empire 
Holman, Gr. Capt. 
Aircraft Officer, 


mand 
Jaworski, Adam, Research 


Air Transport Bd. 


RCAF, Sr. 
Materiel Com- 


Engr. & Economist, 


LaBerge, J. G., Asst. Research Officer I, Natl 
Research Council 
Lukasiewicz, Julius, Head, High Speed <Aero- 


dynamics Lab., Natl. 

Lyster, H. N. Clarence, Asst. Research Officer 

Mac Phail, D. C., Natl. Research Council 

Markham, S/L P. de L., RCAF, Staff of Dir. of 
Maint. ’Engrg., RCAF Ha. 

McCullough, Edward E., Officer i/c Engrg., 
ech. Serv. Detachments, RCAF Staff at 
td. 

McIndoo, S/L W. J., Officer Commanding, AE 
& Supply Officers School 

Michaelsen, Odd Edgar, Asst. Research Officer, 
Natl. Aero. Estab., National Research Council 


Aero. Estab. 


Montanaro, John Oliver, Struct. , ngr. (Air- 
craft), National Research Council 
Moyles, John Alan, RCAF, Proj. Pilot, CEPE 


Climatic Det. 
~ is, Ledr. John Andrew, RCN, Staff Officer, 
Gen. Engrg., Directorate of Air Engrg. 
Orlik-Riickemann, Kazimierz Jerzy, Asst. Re- 
search Officer, Natl. Aero. Estab., Natl. Re- 
search Council 


Orr, John L., Dir. of Engrg. Research, Defence 
Research Board 

Owen, Kenneth D. J., Flight Test Proj. Engr., 
CEPE, RCAF 

Parkin, John Hamilton, Dir., Div. of Mech. 


Engrg., Natl. 


Estab. 

Pelland, L. A. J., Tech. Officer in Charge of 
Model Aircraft Design for Wind Tunnel, 
Natl. Aero. Estab. 


Research Council & Natl. Aero. 


Pruden, Frederick W., Head, Simulation Gr., 
Natl.’ Research Council 
Rees, Howard S., Ch. Aero. Engr., Dept. of 


Transport 
Rosewarne, Henry Pearce, Proj. 
Exp. & Proving Estab., 
Assoc. Research Officer, 
Natl. Research Council 
Sears, J. F., Production Officer, Aircraft Br., 
Dept. of Defense Production 


Engr., Central 


Skelton, C. H., District Aero. Engr., Dept. of 
Transp ort 

Sutherland, F-L Alex. Ernest, RCAF, Aircraft 
Maint. Officer, 3(F) Wing 

Tyler, Ronald Anthony, Sr. Research Officer, 


National Research Council 


Young, S/L James K., RCAF, Tech. Officer 


China 


Yung, Lt. Col. Pei-Lin, Prof. of Mech. Engrg., 
The Naval Inst. of Tech., Prof. of Aero. 
Engrg., The Chinese Air Force Tech. School 


England 


Brabazon of Tara, The Rt. Hon. Lord, Chair- 
man, Air Registration Bd. 

Brushfield, Guy Birch, Engr., 
Radar Research Estab. Ministry of Supply 
Cane, Eric George, Sr. Scientific Officer, Aero- 

dynamics Dept., Royal Aircraft Estab. 

Clark, Bruce D., Sr. Principal Scientific Officer 
—Directorate of Aero. & Engrg. Research, 
Admiralty 

Cook, Frederick G. R., Ch.—Aircraft Br., Brit- 
ish Joint Services Mission 

Crabtree, Lewis F.. Sr. Scientific Officer, Aero 
dynamics Dept., Royal Aircraft Estab., Minis- 
try of Supply 


Davies, Handel, Scientific Advisor—Air Min- 
istry 
Elliott, David, Scientific Officer, Mathematics 


Div., National Physical Laboratory 

Ge lagher, S/L Trevor Alfred, RAF, Personnel 
Br., Maint. Command, Air Ministry 

Holder, Douglas William, Sr. Principal Scien- 
tific Officer, Natl. Physical Lab. 


Jones, William Prichard, Supt., Aerodynamics 
Div., Natl. Physical Lab. 

Kent, Gr. Capt. John Alexander, RAF, Staff 
Officer Admin., Hq. No. 12 Gr. 

Knell, Kenneth A. J., Tech. Asst. to Principal 
Dir.—Aircraft R&D, Min. of Supply 

Lawlor, Ernest Fintan, Sr. Scientific Officer, 


Aerodynamics Dept., Royal 
Maclaren, Archibald Shaw, 
Ministry 
Neumark, Dr. Ing. S., Sr. Prin. Scientific 
Officer, Aerodynamics Dept., Royal Aircraft 
Estab., British Ministry of Supply 


Aircraft Estab. 
Civil Engr., Air 
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Price, Peter, Athlone 
search & Study), 
ment 

Proudlove, 


Fellow 


(for 19 mo. Re- 
Royal 


Aircraft Establish- 
David E., 
Embassy, Wash., D.C. 
Radlett, Henry George, Sr. 
Air Registration Board 
Scott-Hall, Stewart, Head, Ministry of 
ame British Joint Services Mission, 
Scruton, Christopher, Sr. Princ. 
ficer, Aerodynamics Div., Natl 


Civil Air Attaché, British 


Design Surveyor, 


Supply 
Wash., 


Scientific Of- 
. Physical Lab. 


Seddon, John, Aerodynamics Dept., Royal Air- 
craft Estab. 

Spurr, W. F., Supt., Marine Aircraft Exp. 
Estab., Ministry of ‘Supply 

Squire, Leonard Charles, Scientific Officer, Min- 
istry of Supply 

Stanbrook, Alan, Scientific — Natl. Aero. 


Estab., Ministry of Supp 
Thomas, H. C. B., Maa Rech. Engrg. Dept., 
Royal Aircraft Estab., Ministry of Supply 
Wainwright, Sq. Leader George C., RAF 
Ministry of Supply 

Warren, Charles Hugh Elsey, Principal Scien- 
tine Officer, Aerodynamics Dept., Royal Air 
craft Estab., Ministry of Supply 


France 


Arnaud, Maj. Jean, Asst. 
Embassy, Wash., D. 
Bloch, Cmdr. Rene M. , in Charge of Research & 

Devel., French Naval Aviation 
Genevey, Col. Louis Paul, French Air Ministry, 
DTIA 


Air Attaché, French 


Ravaud, Lt. Comdr. Rene, Asst. 
French Embassy, Wash., i 

Riabouchinsky, Prof. Dimitri P., Master of 
Researches, Centre National de la Recherche 
Scientifique 

Roy, Prot. Maurice, Dir., Office National 
et de Recherches Aéronautiques 


Naval Attaché, 


Guatemala 
Gomez, Guillermo Gonzalez, Aero. Engr., Engrg. 


Div., Civil Aero. Dept. 


Honduras 


Galvez Barnes, Roberto, Dir. Gen. of Aero. 


India 


Wing Comdr. Shankerlal Dayaljibhai, Sr. 
Staff Officer, Hq. Maint. Command, 


Amin, 
Tech. 
1.A. 


Cadambe, V., Dir., 
(Cc GDP ) 
Gursahaney, Herman J., 
Aviation Dept. 
Ramamritham, Subramania, Deputy Dir.—R&D, 


R&D, Ministry of Defence 


Tech. Officer, Civil 


Civil Aviation Directorate 
Israel 
Grafman, A. J., Ch., Engrg. Dept., Equip. Br., 
Israel Defense Forces Air Force, Ministry 
of Defense 
Hillel, Major Arie, Head of Proj. Sect., Engrg. 
Dept., Israel Defense Forces, Air Force 


Kestenberg, Henryk, Head, Aircraft Tech. Sup- 
plies Planning Sect., Ministry of Defence, 
Israel Defence Army, Air Force 

Laufer, Max M., Ch. Surveyor, Airworthiness 
Authority, Dept. of Civil Aviation 


Macoosh, Gabriel S., Principal Asst. for Aero- 
tech. Standards, Ministry of Transport and 
Communications, Dept. of Civil Aviation 

Piattelli, Fidia J., Aero. Adviser, Research & 


Design Dept., Ministry of Defense 
Reis, N. Norbert, Airworthiness Surveyor, Dept. 
of Civil Aviation 
Reshelbach, Lt, Saul, Design Officer & Sr. 
engr., Israel Air Force 
Zielony, Lt. Col. Alexander, Military Post 2164 


Proj. 


Netherlands 


Hoeden, Cmdr. Alfred V. D., Asst. — At- 
taché, Netherlands Embassy, Wash. 9, D. 

Plantema, Frederik J., Ch. Struct. & Ssieieciale 
Dept., Natl. Luchtvaartlab 


Norway 


Bjornestad, Halvor E., Ch., Production Control 
Div., RNA 

Blichner, Olav E., Aerodynamicist, 
Defense Research Estab. 

Heisholt, Lt. Col. Arne Gunnar, RNAF, Asst. 
for Material Plans & Programming 

Hveding, Dick, Research Engr., Aerodynamicist, 
Norwegian Defense Research Estab. 


Norwegian 
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Peru 
Reategui, Capt. Gonzalo A., Engr. of the Peru- 
vian Air Forces 
Portugal 
Delgado, Major Gen. Humberto, Port 


Ch., Portuguese Military Mission. 
Portuguese Air Force 


A.F., 
NATO, 


Spain 


Jalon, Manuel, Aero. Engr., Ch., 
Base Aerea 

Nufez, Antonio, Dir. Gen., INTA “ET” 

Perez-Marin, Antonio, Secretario General y 
Técnico—Prof. Ing., INTA 


Maint. Sq., 


Sweden 


Nordling, Olof Vilhelm Tore, Proj Engr 
Schnittger Jan R., Ch. Engr., Gas urbine 


Dept... STAL 


Switzerland 


Cuniberti, John S., Student, 
Inst. of T 
Muench, 


Office 


Tech. 
Albert, Deputy Dir., Swiss Fed. Air 


Thailand 


Riddhagni, Major Bisuddhi, Instr., Royal Thai 
Air Force Academy 


Venezuela 


Knust, Thomas John, Tech. Advisor, Air Safety 
Div., Directorate of Civil Aeronautics 


State & Municipal 
Governments 


Cole, Martin, Curator, Pio Pico Historical 
Monument, State of Calif. 

Dunlop, Harry J., Engr., El Dorado Irrigation 
District, Placerville, Calif. 

Greene, Charles C., Teacher of Aeronautics, 
Haaren H.S., City of New York 

Gureasko, Edward M., Chairman, Aviation 
Mechanics Dept., East New York Vocational 
H.S., City of New York 

Hoffman, Sidney L., Teacher, Halsey Jr. High 
School, City of New York 

Kelle y, J ames B., Cons. N.Y. State DoC, 
Albany, 

Lanz, John Edward, Registrar, Eagle Rock High 
School, City of Los Angeles 

Lehecka, Emil A., Instr., Manhattan H.S. of 
Aviation Trades, City of New York 

Lusk, Hilton F., Assoc. Equip. Engr., Equip. 
Dept., Div. of Highways, Sacramento, Calif. 

Schepke, Thomas L., Airport Engr. & Asst 
Airport Mgr., Greater Peoria Airport Au- 
thority, State of IIl. 

Schroeder, Leslie Lewis, Commissioner of Aero- 
nautics, Dept. of Aeronautics, State of Minn. 

Turnbull, Capt. Norman Leigh, Flight Comdr., 
Conn. Air National Guard 

Voorhees, Sherman P., Exec. Dir., 
of Commerce of Pittsburgh 

Woehr, Frank, Principal, Manhattan H.S. of 
Aviation Trades, City of New York 


Chamber 


U.S. Government 


Atomic Energy Commission 


Argonne National Laboratory 


Brittan, Raymond O., Proj. Engr. 
Schultz, Arthur B., Sr. Mech. Engr. 
Teng, Lee C., Physicist 


Oak Ridge National Laboratory 


Fleishman, Morton R., Reactor Tech. Student 
Fraas, Arthur P., Principal Design Engr., ANT’ 
roj. 
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Vartan, Head, Applied 
ss Analysis & Long Range 
Nuclear Propulsion Proj 


Zmola, Paul . Sr. Devel. Engr. 


Washington, D.C. 


Norval R., USN, Deputy 
tor Br. 

ward S., USAF, P&W 
er, Office for Aircraft Nu 
Robert S., 


USAF, Aircraft 


Civil Aeronautics Board 


Dobi, Nicholas S., Aero. 
Engr. 

Durfee, Jar R., Chairman 

Heyl, Edward Ch., Statistical Analysis Sect., 
Bur. of Safety Investigation 

Koneczny, W Ch., Airworthiness Div. 

Sievert, Will ( Hearing Officer, Bur. of 
Safety Investigation 

Simon, S. 1omas, Ch., Safety Enforcement 
Proceedin Div 


Design & Research 


Department of Commerce 


Rydlun, Edwyn G., Aero. Industrial 
Business & se Serv. Admin 


Analyst, 


Civil Aeronautics Administration 


Indianapolis, Ind. 
Wilson, Mi Edward, 
Tech. De Center 


Struct. Devel. Engr., 


Los Angeles, Calif. 


Blomer, Charles I Aero. 
Engr. 

Doering, Frederick J., Jr., Aero. Engr. 

Frei, Wallace, Flight Test Engr., 4th Regional 
Office 

Hawks, Charles R., 
Engrg. Br 

Lippis, Rocco, S 


Design Evaluation 


Deputy Ch., Aircraft 

pervising Proj. Engr. 

Mayhugh, Ben F., Aero. Design Evaluation Engr 

Sentker, Lawrence C., Aero. Engr. 

Stan.pley, O. K., Jr., Flight Test Engr. 

Thornbury, Paul ( Aviation Safety 
Operations 


New York, N.Y. 


Achitoff, Louis, Eng Test Pilot 
Haldeman, Walter ., Ch., Flight Test Br. 
James, Aviation Safety Agent, Air 


Agent 


N., Ch., Airframe and Equip 


Aero. Design Evaluation Engr 


D.C. 


Carran, Jc A., Se: 
Sect., F light Test Br. 

Cullom, sAenneth 
Evaluation Engr., Aircraft 
Office of Aviation Safety 

Devlin, Frank W., Ch., Defense Requirements 
Br. 


Aerodynamics 


Plant Design 
Engrg. Div., 


Engr., 


Power 


Dougher mes | 
s, Ix 241 

Fales, Elisha N., Aero. Engr. 

Hoekstra, Harold D., Ch. Proj. Officer, Aircraft 
Engrg. Div 

Kibardin, Vict 
Flight Test 

King, Barry Griffith, Research Exec., Medical 
Div., Office of Aviation Safety 

Klikoff, W. A., Deputy Ch., Aircraft Engrg 
Div. 

Lowen, Charles J., 

Lucas, Philip D., Airport Requirements Officer, 
Office of Aviation Defense Requirements 

Meyersburg, Robert B., Ch., Flight Test Sect. 

Numbers, M. William, Power Plant Install 
Design & Ev ition Engr. 

Ostrich, Ral; *hysiological & Exper 
gist, Medic Div. 

Rhody, Francis J., Jr., Program Planning Co- 
ordinator, Office of Federal Airways 

Rosenbaum, Robert, Ch., Dynamics & 


, Jr., Ch., Struct. & Design 


r M., Aerodynamic Devel. Engr., 


Administrator 


Psycholo 


Loads 


r. 
Short, Vaun Gary, Airline Transport Pilot Ex 
aminer—Designated CAA Aviation Safety Rep. 
Spiess, Paul C., Aero. Engr. 
Thomas, David D., Deputy Dir., Office of Fed- 
eral Airways 
Toomey, Herbert rol. 
Weeks, Wm. 
Werner, E 
Internat! 


Engr. 
, Ch., Aircraft Engrg. Div. 
Ch., Latin American Br., 
he Ref. IR-604 


Miscellaneous 


Anger, Rex, Air Carrier Maint. 
Aero. Cent Okla. City, Okla. 


Specialist, 


SEPTEMBER, 


Brown, Wm. Leon, Supvr., Aer Po 
Design Evaluation Engrg., Okla. City, 
Carrick, Harold J., Ch. Adviser, Internat! 
ce, Tokyo, Japan 
Crunden, Allan B., Jr., M.D., 
aminer, Upper Moniclair, N.J 
de Crescenzo, Jules, Aviation 
Teterboro, 
Maloy, Raymond B., Ch. 
Internatl., Paris, France 
Murphy, E. William, Aviatior y Ag 
Air Carrier Maint. Br., Kansas City, Mo. 
Sentker, Lawrence C., Aero. Engr., Ft. Worth, 
Tex. 
Tavetian, Hurant, Aviation Safety Agent, Avia 
_tion Safety Dist. Office, Cleveland, Ohio 
Rosenberg, Charles W., Ch., Flight Test 
, Ft. Worth, Tex. 
Welling, Omer, Ch., 
Kansas City, Mo. 


Medical 
Safety 
Aircraft 


Satety 


Aircraft Engrg. Diy, 


National Bureau of Standards 


Astin, A. V., Dir. 

Bar ron, Roger L., Aer 

Briggs, Lyman J., s 

Brombacher, W. ‘ce Mech. Engr. & Cons 

Diehl, Zulime Whitney, Physicist 
namicist 

Goodman, Stanley, Physicist 

Klebanoff, Philip S., Physicist 

Kroll, Wilhelmina D., Physicist—Aeronautics 
Research 

Kupelian, Vahey S., Dir. 
Ord. Exp. Unit 

Martin, Carl J., Aero. Research Engr., 
ads 

Ramberg, Walter, Ch., Mechanics Div. 

Schubauer, Galen B., Ch., Fluid snnahanien Sect. 

Skramstad, Harold K., Asst. Ch. for Systems, 
Data Processing Systems Div 

Spangenberg, Wesley, Mech 
namics 

Wildhack, William A., Ch., 


strumentation 


Aerody 


Engrg., Naval 


Corona 


Engr.—Aerody- 


Office of Basic In 


U.S. Coast & Geodetic Survey 


Du Bois, Robert A., Ch., 
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Thompson, James K., Tech. Advisor for Fifth 
*hase Testing (Environmental Flight Test), 
WADC 

Tinnan, Lt. Leonard M., USAF, Airframe 
Engr., 110A/L Weapon System Proj. Office, 
Bombardment Acft. Div., Hq. ARDC Det. #1 

Transue, 2nd Lt. John R., USAF, Proj. Engr., 
Design Br., Aircraft Lab., WADC 

Trelewicz, 1st Lt. Denis B., USAF, Proj. Engr., 
DCS/Operations -Operational Services Div., 


WADC 


Supervisory Flight 


Student, 


Produc- 


CAL ENGINEERI 


Instru- 


Troha, Frank \ Logistics Officer, Plans Div. 
(MCZPO , Hqs., AMC 

Valentine, re Asst. Ch., Cargo & Trainer 
Aircraft Div., Directorate of Weapon Systems 

Operations, WADC, ARDC 


Vor Dos Pp, Physicist—Mechanics, 
WADC 
Vretakis, N s G., Struct. Loads Engr 
Walsh, Lt. ¢ James D., USAF, Ch. Elec- 
tronics & Armament Br., Directorate of Supply 
& Services H AMC 
Walter, Lt. W m C., USAF, R&D Staff 
RD¢( 
J., USAF, Proj. Engr., 
WADC 
( Ralph C., US Dir 
Directorate, Hq. Abbe 


i 
Harold E., U SAF, Comdr 
Intelligence Center 
Jr Ch., Servo Controls & 
Sect., Propeller Lab., WADC 
ADC 


ction Engr., Hqg., AMC 
Weitlauf, Lt. John L., 5 USAF, Proj Engr., 
WADC 


Weitner, Lt. ¢ Walter L., USAF, Recon- 
naissance Programs Officer, Aircraft Br., 
Directorate I urement & Production, Hq., 


Wells, Ist Lt. Harold M., Jr., 


USAF, Proj. 
Flight Loads Sect., 


Aircraft Lab., 


W ‘ADC 

West, 2nd Lt. David E., USAFIT 

Whitcher, Lawrer G., Air Tech. Intelligence 
Specialist 

Whitehurst, Lt. Rex A., USAF, Proj. Engr 

Wolf, Lt. Col. Harold J., USAF, T-34, “ir.29, 
C-131 Weapor 
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Wong, Capt. Edward D., SAF, Proj. Engr. 
Aero. Mechanics Br., Flight Controls Lab., 


Woo deock, 
Engr., 
Wrieden, Ist Lt. E ugene G., USAF, Proj. Engr 


Aircraft Stability & Control 


—Flight ¢ WADC 

Xenakis, Ge lissile Sect. Ch.. Aerome 
chanics Brar Flight Control Lab... WAD¢ 

Youngstou V cipal Airpo t, Ohio 

Bitonti, Lt. Fra Edward, USAF, Aircraft 

aint. Staff Officer 

Misce llaneous 

Albertini, Lt J Anthony, USAF. Aer 
engr. 

Alderson, ( t. Jerry D., Jr.. Aer 
Engr. 

Allen, Lt. W C., USAF, Angus Aircraft 
Observer, t Fighter-Interceptor Sq., De 
troit-W: ayt eM Airport, Romulus, Mich. 

Anderson, Lt. | rett A., Jr., Communications 
Officer, 657th AC&W 


Armstrong, Maj. Gen. Harry G., USAF (MC), 
FE 


Surgeon, Hq., USAFE 

Augustin, Major Frank J., USAF, Pilot. Elec 
tronic gt 

Bachmann, Major Frederick C., USAF, Office 
of Air Att 


Baldwin, Lt M irk E., U 
tronics Offic 


SAF, Airborne Elec 


Beasley, Ist Max D., Jr., USAF, Produc- 
tion Contr Officer, 47th’ Field Maint Sq 
Beckman, Lt. ¢ Kenneth N., USAF, Asst 
Deputy for Operations, Hq. Far East Air 

Force 
Bekins, Lt. Donald M., USAF, Maint. Officer, 
6486th Field Maint. Sq. 
Blakely, Capt. Sylvester F., USAF, Hgq., 7th 
Air Div 
Bryan, I I nd ( USAFR, Pi I 1 
Campbell, I R \., USAF 
Cassler, 1st Lt. Luther H., USAF 
Castle, Lt. De davis, USAT i 
Culver, Lt. H D., USAF, Contract Maint 
Officer, 7 Base Gn 
D’ Agostir I Michael D USAT Specia 
Weapons O 
Daley, Maj H USAF 7 Trooy 
Carrier 
Davidson, 2nd Lt. John, USAF, Pilot 
Davies, Ist Lt. Duane W., USAF, Air Defense 
Command 
Dearey, Major Ralph H., USAF, Grad. Student, 
USAF, Sup pron 
He ian SAF. Special 
g ynitor, Tech. Train 
ilfport, Miss 
H., USAF, Contracting 
Office, ARDC, srussels, 
rbert F., Jr.. USAF 
Albert C., USAF Special 
I 


Officer, ‘4th A 
R., USAF, Aero. Engr 


F., USAF, Interceptor 
L., USAF, 3rd Maint. & 


O., Production Engr., U.S. 


Fennema, Freder 
Hq. 12th Air Force 
Ferguson, Lt. Wi 

ing 


F., Ch., Operations Analysis, 


USAF, Pilot Train- 
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Gen. Don, USAF, Comdr,. 
ARDC, Brussels, Belgium 
1, Major Francis M., USAF, Hq 
DSC/INT, ATI 
Foss. Major Warren L., USAF, Acting Deputy 
Dir. of Maint. Engrg., Central AMA 
Foulois, Maj. Gen. Benjamin U., USAF (Ret.) 
Frontario, Carmelo A., Electronic Aircraft 
C. Insp. AMC, Newark Air Procurement 


District 
Gaines, 2nd Lt. Leonard M., US vi Pilot 
Gallagher, Lt. John James, USAF, Asst. Wing 


Maint. Officer 
Garred, 2nd Lt. Mathew D., Jr., USAF, Proj 
)fficer 


Clarence C., Jr., USAFR, Pilot 


Lt. Joel, USAF, Primary Flyir 


Pa nerman, Maj. LaVerne William, USAF, 
Gr. Materiel Officer 

Goss, Major Quentin J., USAF 

Graves, John D., Civilian Ch., Aircraft & Ac 
cessories Div., Directorate of Engrg., Hq 


Gregory, Lt. Kenneth L., USAF, Maint. Officer 

Grigg, Lt. Fred H., USAF 

Gronkiewicz, Lt. Thaddeus R., USAF, Aircraft 
Maint Officer, 20th Maint. Sq. 

Haviland, Maj. George P., USAF, Air Force 
Devel. Field Rep. at N ADC—] ohnsville 

Hayden, Lt. James Stuart, USAFR 

Healy, Capt. Bradford C., USAF, Student, MIT 

Heiffel, 2nd Lt. Roger Wm., USAF 

Heyner, Lt. Franklin Robert, USAF, Pilot, 
KB-29P Aerial Refueling Tanker 

Hipple, Capt. William R., USAF, Exchange 
Officer, Production Engr. Hq Ordnance 
Weapons Command, US Ordnance Corps 

Hofmann, Lt. Frederick L., USAF 

Horky, Lt. Frederick P., USAF 

Howell, Capt. Homer H., Jr., USAF, Instr., 
Dept. of Marine Engineering, U.S. Naval 
Academy 

Jackson, Capt. Kenneth L., USAF, Grad. Stu 
dent, Univ. of Mich. 

Jefferson, Ist Lt. Kay D., USAF, Research 
Admin., Office of Scientific Research, Pasa 


Johnson, Capt. Jesse H., USAF, Asst. to the 


Air Attaché, 
England 

Kanter, Major Merwin, USAF, Advisor (R&D) 
to Japanese Defense Agency, Military Assist 
ance Advisory Group, Tokyo, Japan 

Knacke, T. W., USAF, Tech. Dir., 6511th 
Parachute Devel. Test Gr. 

Kobernuss, Fred O., Scientific Comns., He 
USAFE 

Krenz, Lt. Col. Edgar J., USAF, Air Force 
Piant Rep. at Hughes Aircraft Co. 

Lahm, Brig. Gen. Frank P., USAF (Ret.) 

Lamour, Major Warren S., USAF, Asst. Air 
Attaché, U Embassy, 

Land, Lt. Almos Eugene, l 

Lawyer, Lt. Richard E., U 

Lee, Lt. Robert Bird, US: 

Lindahl, Lt. Roger J., USAF 

Little, Major John P., USAF, Maint. Staff 
Officer, Air Force Sect., MAAG, France 

Loewen, Lt. Jack K., USAF, Pilot ; 
gsdon, Capt. Curtis L., USAF, Asst. Prof. of 
Air Science, AFROTC, Univ. of Tulsa, Tulsa, 


American Embassy, London, 
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Mac a ist Lt. Wilfred Glenn, USAF, Pilot, 


1 Ftr. Sq. 

Marks, Lt. Ronald S., USAF 

Matteson, Frederick H., Asst. Ch., Aircr 
Accessories Div., Hq. AMFEA, Dire 
f Engrg 

M: sherry, ‘Lt. Col. Samuel W., Jr., USAF, 
Comdr., 8th Field Maint. Sq. 

McMullen, Maj. Gen. Clements, USAF—Ret. 

Mihaloew, Lt. James R., USAF, Asst. Maint 
Supvr., 38th Fld. Maint. = 

Miller, Capt. Bernard P., USAF, Instr., Ther- 
1odynamics & Fluid Mech., Dept. of Marine 

U.S. Naval Academy 

Miner, Airman 2/e Bernard hy Jr., USAF 

Moen, Eugene D., USAF, Pik $32nd FIS 

Morse, = ‘Imer M., Ch., Arm Elect 7th 


Moses, Lt.’ William G., Jr.. USAF, Aircraft 
Maint. Officer, Hq. Sq. Sect., 81st FB 
Student P 


= 


Myers, Pvt. Carl S., Jr.. USAF 

Napoli, Lt. Anthony, USAF, Pilot Training 

Newman, Joseph W., Air Force Quality Con 
trol Rep. at Marquardt Aircraft Co., LAAPD 
SBAMA 

Northcutt, Col. Robert E., USAF, Asst. Ch. of 
Staff, Logistics, Hq. 5th ATAF 

Nunziato, Lt. Col. Ralph J., USAF, Europear 
Office, ARDC Brussels, Belgium 

O’Clock, Major Roberi, USAF, Asst. Deputy 
Ch. of Staff for Operations, Hq., 2d Air Div 

Pieromarchi, Capt. Bruno A., USAF (Ret 

Pumarejo, Lt. Amaury, USAF, Aircraft Per- 
formance Engr., 301st Bomb Sq 

Regan, Capt. Joseph F., USAF, Air Force 
Devel. Field Rep. 

Richards, Capt. Marion R., USAF, Instr., Dept 
of Marine Engrg., U.S. ya Academy 
Russell, Lt. Col. Harold G.. USAF, Stud. 

R&D Management, Univ. of Chicago 
Russell, Lt. Richard E.. USAF, B-36 Pilot 
Santilli, Major Alcide, USAF, G.S., Hq. AFFE. 
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LAS ROSTER O'F MEMBERS, 


Schlotzhauer, Col. A., 
Schuler, Major US AF, 
406th Field Maint. Sa. 
Shulman, Lt. Arnold Leo, USAF, 
signment—Aero. Research 
Aero. Lab., NACA 
Smith, Lt. Donz ald P., USAF 
Soughers, Lt. Allen Perry, U 4 


USAF (Ret.) 
Maint. Supvr., 


\ Special As- 
Scientist, Ames 


\F 
SAF, Pilot, 48 


Spraitz, Capt. Edward F., 
ATS, MATS 

Squires, 2nd Lt. Charles E., Jr., USAF, Navi- 
gator 


Stafford, Lt. John W.., 
38th Bomb Wing 

Stanton, Ist Lt. Richard R., USAF, Ch., Air- 
craft Engrg. Br. (Depot Maint.), 7280th 
Maint. Gr., Nouasseur Air Depot, Fr. Morocco 
Starch, Lt. Stephen, USAF, Pilot 

Steen, Maj. Clarence H., USAF 

Stephenson, Capt. Wayne L., USAF, Ch., Engrg. 
Services Div., Nouasseur Air Depot, Fr. 
Morocco 

Stevens, George P., Ch., Struct. Engrg. Sect., 
Northern Air Materiel Area, Pacific 

Stolle, Col. Richard, USAF, Commander, 67th 
Maint. & Supply Gr., Fifth Air Force 

Tetley, Wilfred H., Dir. of Engrg., Air Mate- 
riel Force, Europe 

Tribolet, Capt. Robert W., Asst. 
Officer, 420th Air Ref. 

Trustin, Yale F., 


USAF, Engrg. Officer, 


Operations 
Sq 
USAF, Pilot, 817th 


Tyns an, Lt. Charles Irving, dt: USAF, Pilot 
Umlauf, Capt. John L., SAF, Aero. Engr.— 
Pilot, Engrg. Liaison Office, Hq. Third Air 


Force 

Webb, 2nd Lt. Steven L., USAF, 
Maint. Officer, 483 Field Maint. Sq. 

Webster, Col. Howard E., USAF, Asst. Ch. of 
Staff—Install., Hq., FEAF 

Whitfield, Capt. Raymond P., Jr., USAF, Ch., 
Production Div., AF Plant Rep. Office 
Convair 

Whytlaw, Col. John G., USAFR 

Wilmore, | ws Lt. Dhalmas O., 
Fly. 


Aircraft 


USAF, 7330th 


Weg 
Wohirab, "Ee. Floyd J., Jr., Supply Officer 
Woolley, Capt. Jed B., USAF, Grad. Student, 
USAFIT, Univ. of Mich. 
Wuerz, Ist Lt. Albert H., Jr., USAF, Fighter 
Pilot (F-86F), 53lst Ftr. Bmr. Sq., USAFE 


Department of the Army 


Army Chemical Center, Md. 


Baur, Herbert A., Jr., Test Engr., Chem. War- 
fare Labs. 

Bullivant, W. Kenneth, Aero. Devel. Engr. 

Clark, D. Gene, Aero. Test Engr. 

Flatau, Abraham, Ch., Aerodynamics Gr., Muni- 
tions Devel. Div., Chem. Warfare Labs. 
Sebold, Pvt. Robert A., USA, Ord. Design 

Engr., 9710 T.U. Det. #2 
Stroukoff, Pvt. Michael, Jr., Proj. Engr., Mu- 
nitions Div., Chemical Corps Engrg. Com- 
mand 
Wonlen, Richard L., Aero. Engr. 
Zitza, Curt L., Ch., Design Br., Chem. & 
Radiological Labs. 


Ballistic Research Laboratories, Aberdeen 
Proving Ground, Md. 


Berks, Pvt. William I., USA, Aero. 
Ballistics Research Lab. 

DiPietro, Frank J., Aero. Engr., BRL 

Hart, Eugene M., Engr. Asst., BRL 

Jackson, D. C., ‘Ir., Ch., Scientific Training, 
In Charge—Ballistic Inst. 

MacAllister, Leonard C., Aero. Engr., Free 
Flight Aerodynamics Br., Exterior Ballistic 


Engr., 


ab. 

Maloy, Harry E., Jr., Ch. of Operations, Super- 
sonic Wind Tunnel 

Murphy, Charles H., Jr., Deputy Ch., Free 
Flight Aerodynamics B 


r. 
— Pvt. Cullen Milo, USA, Proj. Engr., 


Weaver, Pvt. Lawrence S., Jr., Proj. 
Devel. & Proof Services 


Camp Gordon, Ga. 


Hughes, Pvt. Edward P., 
Ist MPTR 8801-6TSU 


Detroit Arsenal, Mich. 


Thibodeau, Robert E., Deputy Ch., 
USA Ord. Corps. 


Fort Belvoir, Va. 

Kelley, Edward F., Engr. 

Fort Bliss, Tez. 

Barnard, Lt. James D., USA, Instr. 
Powers, Capt. Patrick W., USA, 


Charge, Corporal Missile Tech 
Team, Hq. 24 GMGP (SSM) 


Fort Carson, Colo. 
Siewert, Lt. Ray F., 


Engr., 


III, USA, Co. C, 


Lab. Div.. 


Officer-in- 
Assistance 


Army Aviator 


Fort Eustis, Va. 


Brown, Pfc. Woodbridge Calvin, USA, Instr. 
of Hydraulics, Aviation Dept., Transporta- 
tion School 

Bunker, Col. William B., USA, Commandant, 
Transportation School, Transportation Corps 

Kennedy, Lt. Richard C., USA, Proj. Officer, 
TRADCOM 

Stern, Pvt. Perry, USA, Instr., Aviation Dept., 
T-School 


Fort Monroe, Va. 


Mahone, Major Nelson A., Jr., USA, Staff 
Officer, Aviation Devel. & Test, Hq. Conti- 
nental Army Command 


Fort Richardson, Alaska 
Rager, William H., Mech. Engr.—Post Engr. 


Fort Riley, Kan. 


Grudberg, 1st Lt. Henry B., USA, Aircraft 
Maint. Officer, Army Aviation Unit, Training 
Command 


Fort Rucker, Ala. 


Bush, Lt. Col. Harry L., 
Board Nr. 6, CONARC 

deBooy, Pfc. Kendrick, USA, Asst. Aero. Engr., 
Dept. of Combat Developments, Army Avia- 
tion School 

Leak, Pfc. Arthur B., USA, Aero. Engr. Asst.. 
Special Proj. Dept., Army Aviation School 

Mahone, Major Nelson A., Jr., USA, Army 
Aviation Service Test, Bd. 6, CONARC 

Roberts, Raymond H., Proj. Engr. 

Williams, Col. Robert R., USA, Pres.. Army 
Aviation Bd. 


Fort Leonard Woods, Mo. 
Kaups, Kalle 
Frankford Arsenal, Pa. 


Perry, Pfc. Huntley H., USA, Mech. Engr. 
Pichon, Lt. Frank, USAR, Mech. Engr. 


USA, Dir., Test Div., 


Picatinny Arsenal, NJ. 


Compitello, Frank E., Ammunition Design Engr. 


Quartermaster Research & Development 
Command, Mass. 


Horrigan, Clement V., Aero.-Mech. Engr. & 
Proj. Engr., U.S. Army Quartermaster R&D 
Command 


Redstone Arsenal, Ala. 


Bernstein, Stanley, Deputy Ch., Guided Missile 
Projects Br., Ord. Siectte Labs. 

Carlson, David W. Aero. Power Plant 
Devel. Engr., Army Ballistic Missile Agency 

Dahm, Werner, Ch., Aerodynamics Analysis 
Sect., Guided Missile Devel. Div. 

Deep, Raymond A., Aero. Research Engr., Ord. 


Missile Labs. 
USA, Aerodynamic 


Fey, Pfc. Wayne A., 
Develop. Engr. 

Geissler, Ernst D., Ch., Aeroballistics Lab., 
Guided Missile Devel. Div. 

Greene, Hubert L., Rocket Design Engr., Rocket 
evel. Div., O 

Johns, Stanley A., Aero. Engr., Army Ballistic 
Missile Agency 

Jones, Pvt., Marion A., USA, 9330th Ord. 
Tech. Unit 

Kottas, Harry, Ch.—Tech. Councils & Panels 

Kramer, Fritz, Ch., Missile Analysis Br., OML 

Lavender, Robert E., Supervisory Aerodynamic 
Devel. Engr., Tech. Feasibility Studies Office 

Mosher, David Design Engr., Fuselage 
Design Sect.,. ABMA 

Murphree, William D., Aero. Research Engr., 
Flight & Aerodynamics Lab., Research Div.— 
Ord. Missile Labs. 

Potter, John Leith, Ch., Flight & Aerodynamics 
Lab., Research Div., Ord. Missile Labs. 

Powers, Lt. Sidney Aian, USAR, Aerodynamic 
Devel. Engr.—Aeroballistics Lab., Army Bal- 
listic Missile Agency 

Shapiro, Norman M., Physicist, Flight & Aero- 
dynamics Lab., Research Div., Ord. Missile 


Labs. 
Sims, Joseph L., Aerodynamic Devel. Engr. | 
Ulrich, John Ross, Ch. Struct. Engr., Design 
r., RDL 


Signal Corps Engineering Laboratones, 


London, Pfc. Edward Paul, USA, 
Installation Engr. 
Stockton Field Annex, Calif. 
Santilli, Maj. Alcide, USA, Meteorological Proj- 


ects Officer, Evans Sig. Lab. ; 
Stephens, Lt. Wayne I., USA, Army Aviator 


Aircraft 


40] 


Washington, D.C. 


Brabson, Major William H., Jr., Gen. Staff, 
U.S. Army 

Long, Lt. Col. Richard L., USA, G-4, R&D Div. 

Thompson, Donald M., Ch. Engr. & Devel. Br., 
Army Aviation Div., Office Ch. of Transpor- 
tation 


Watertown Arsenal, Mass. 


Beeuwkes. Reinier, Jr., Ch. Scientist, Ord. 
Materials Research Office 


White Sands Proving Ground, N.M. 


Blaisdell, John D., Assoc. Engr., Ground Han- 
dling Equip., DAC, Field Sta. 

Gregg, David, Deputy Ch., 
Mission 

Hanrahan, Timothy Herbert, Supvry. Aero. 
Rocket P.P. Test Engr., Liquid Propellant 
Br., Electro-Mech. Lab. Div. 
Marshall, Pvt. Bev A., Mech. Engr. Asst., 
Writer 
Sotak, SP3 


Integrated Range 


Arthur Eugene, USA, Dovap Re- 


corder, Electronics Trajectory Unit, Flight 
Measurements Br., Flight Determination Lab. 
Summers, Pvt. Richard G., U 


A, Nike Proj., 
Assigned to Douglas Aircraft R&D Gr., Sys- 
tems Test Div. 


Miscellaneous 
Arand, _ Edward M., USA, “A” Btry., 867th 


Baker, Capt. Harold L., USA, Pilot (H-19 
Helicopter), 937 Engr. Co. (AVN) (IAGS) 

ss Lt. Theodore R., USA, Platoon 

Bunker, Col. William B., USA, Commanding 
Officer, Transportation Supply & Mainte- 
nance Command 

Dunlap, Pvt. John J., Jr., USA, 7787 AU, Hq., 
USAREUR, Aviation Det. 

Grevera, Casimier ] 

Gugeler, Pvt. Robert C., US 

Hughes, Pfc. Edward P., TT, USA, Military 
Policeman, SHAPE, 520th M. EF: €o.; Paris, 
France 

Johnson, Pvt. Robert R., USA. 

Kroenke, Pfc. Irvin M., USA, Engr. 
Mechanic, 370th Engr. Co. 

Leissler, Pfc. L. Abbott, USA, 
Fontenet Ord. Depot, France 

London, Pvt. Edward P., USA 

Long, Erwin L., Commercial Pilot; Materials 
Engr., Dist. Engrs. Office, Corps of Engrs. 
(Alaska) 

Matteson, Frederick H., Ch., Aircraft Br., Air- 
craft & Accessories Div. » Hq. AMFE, Direc- 
torate of Engrg 

Matthies, Pvt. ciiew B., USA, Tank Driver, 
B Co., 40th Tank Bn., Germany 

Myers, ‘James 

Stephens, 2nd Lt. Wayne I., USA 


Equip. 


Inspector, 


Department of the Navy 
Bureau of Aeronautics 


Akron, Ohio 

McInnes, Paul F., Asst. Ch. Engr. 

Azusa, Calif. 

Stauffer, Lt. Charles H., USN, Admin. Officer 

Buffalo, N.Y. 

Bolles, Frank C., Jr., BuAer Rep. at Cornell 
Aero. Lab. Inc. 

Coté, Comdr. Oliver H., Jr., USN, BuAer 

Cleveland, Ohio 


Schneider, Comdr. Raymond J., USN, BuAer 
Rep. at Thompson Products, Inc. 


Dallas, Tex. 

Collins, Millford E., Ch. Engr., BuAer Rep. 
Office 

Murphy, H. Thayer, Aero. Engr., BuAer Rep. 
Office, Naval ee oe Reserve Plant 


Vess, James W., F7U-3 Proj. Engr., BuAer 
Rep., Navy Ind. Reserve Aero. Plant 


El Segundo, Calif. 
Helene, Holger, Aero. Engr., BuAer 
Fort Worth, Tez. 


se Comdr. Vincent U., USN, BuAer 
ep. 


Indianapolis, Ind. 


Murphy, H. Thayer, Supvr. Aero. Engr. & 
BuAer Rep. 


: 
F, Pilot 
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SAT 
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RB 
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Kansas City, Mo. 


Blamphin, Capt. A. M., USN, 
Aviation Gas Turbine Div., 
Elec. Corp. 


BuAer Rep., 
Westinghouse 


London, England 

Keigher, Comdr. Joseph P., USN, BuAer Rep. 
Airborne Electronics 

Long Island City, N.Y. 

Goldman, Bernard, Liaison Engr., Navy BuAer 
Rep., Ford Instrument Co. 

Lous Ange les, Calif. 

Baird, Capt. A. L., USN, Asst. to BAGR-WD 

Draim, Capt. N. A., USN, BuAer Gen. Rep., 
Western District 

W yszpulski, Eugene F., Asst. Ch. Engr., 
Gen. Rep.—Western Dist. 

New York, N.Y. 

Cloukey, Capt. Malcolm M., USN, 
Rep. 

Pensacola, Fla. 


Knapp, Comdr. 
Rep., NAS 


BuAer 
BuAer Gen. 


Norman E., USN, BuAer Maint 


San Diego, Calrf. 


Bergstedt, Lt. Comdr. William Charles, USN, 
Engrg. Officer, BuAer Rep.—Convair 

Grondona, Benmie L., Sr. Aero. Engr., 
Rep.—Convair 

Loeser, Comdr. Oscar E., USN, 
Rep., Western District 


BuAer 
BuAer Maint 


Santa Monica, Calif. 


Gaibler, Lt. Comdr. Richard, USN, BuAer Rep. 


Washington, D.C. 


Alexander, Sidney R., Head, Guided Missile & 
Rotary Wing Design Research Br. 

Andrews, Harold, Aero. Engr., Flying Quali 
ties Sect., Airframe Design Div. 

Arkin, Shepard M., Tech. Asst., Air-to-Air Br., 
Guided Missiles Div. 

Baird, Capt. A. L., Dir., Power Plant Div. 

Barmby, John G., Aero. Admin. Engr. 

Barnes, Comdr. Jess W., USN, ‘Asst. Dir., 
Experimental Program Div. 

Bass, Walter M., Ch., Power Plant Sect., 
trial Planning Div. 

Bauer, Comdr. Paul S., Head, 
Policy Br., Contracts Div. 

Blamphin, Capt. A. M., USN, Dir. Tech. Data 


Indus- 


Planning & 


iv 

Briggs, Chester A., Dir., Exp. Program Div 

Ralph F., Aero. Engr., Aero. & 

dro Br., Airframe Design Div. 

ine, Capt. Sheldon W., USN, Dir., 
tion Div. 

Bryan, William C., Head, Fuels & Lubricants 

r., Power Plant’ Div. 

rmnd Robert A., Head, Exp. Struct. Unit 
Carter, Comdr. Arthur M Jr Facilities, 
Rocketry & Missiles Asst. to Dir., Ship 
Installations Div. 

Cowles, Alden P., Struct. Devel. Engr., 
Design Div. 

Creel, Ralph L., Head, 

Dasteel, Comdr. Robert H . US 
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